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ABSTRACT 
The environment of deposition of the Bullion Creek and Sentinel 
Butte Formations (Paleocene) in western North Dakota has been variously 
ascribed to lacustrine, meandering fluvial, and deltaic settings. The 
purpose of this study was to interpret the depositional environments, 
depositional history, and provenance of the strata in T. 145 and 146 N., 
R. 102 W., McKenzie County, North Dakota. 
A total of 24 stratigraphic sections were measured and described. 
In addition, paleocurrent data were gathered from primary sedimentary 
structures, positions of paleochannel outcrops were noted, and samples 
were collected. Laboratory work consisted of thin-section petrography, 
scanning electron microscopy, and X-ray diffraction analyses of sand-
stones, limestones, and claystones, respectively. 
Two paleochannel systems are present in the Bullion Creek Formation 
in the study area. These systems are deeply incised and vertically 
stacked, with low width/depth ratios. Primary sedimentary structures 
within the channel fill include large-scale cross-stratification, 
climbing-ripple cross-lamination, and planar lamination. Also included 
at various levels within channel fills are claystone lag-gravel accumu· 
lations. 
Two types of channels are present in the Sentinel Butte Formation. 
A basal channel system consists of fills which demonstrate waning flow 
upward, as indicated by a base-to-top sequence of trough cross•strata, 
climbing-ripple cross-lamination, and epsilon cross-strata. This chan• 
xiv 
nel system has a higher width/depth ratio than the Bullion Creek paleo-
channels. A secorid group of channels, located higher in the Sentinel 
Butte section, are much smaller in scale and less well defined than the 
basal system. 
Most of the Bullion Creek strata resulted from lacustrine deposi-
tion with brief episodes of rapid base-level lowering and concomitant 
fluvial downcutting and channel formation. Three lacustrine cycles are 
present in the Bullion Creek; a fluvial system caps each sequence. The 
basal channel sequence of the Sentinel Butte caps the third lacustrine 
sequence in the Bullion Creek Formation and may represent the prograda-
tion of a minor lacustrine delta lobe. Above this basal channel system 
are strata probably resulting from deposition in minor lake basins. 
Paleocurrent data indicate a northwest source for the Bullion Creek 
and Sentinel Butte, sediments. Bullion Creek sands appear to have been 
extensively reworked, while the sands of the Sentinel Butte are derived 
from a dominantly volcanic source terrane. 
xv 
INTRODUCTION 
Purpose of Study 
The Bullion Creek and Sentinel Butte Formations (Paleocene) of the 
Williston Basin in North Dakota have been an enigma for geologists for 
many years. Comprised of poorly indurated sandstones, siltstones, and 
claystones, as well as limestones and lignites, the sedimentary rocks of 
these formations would seem to represent terrestrial deposition, the 
precise nature of which is unknown. The deposits have been variously 
ascribed to coastal plain, meandering fluvial, lacustrine, lacustrine-
deltaic, and marine-deltaic modes of sedimentation. 
The goals of the present study are: 1) to decipher the deposi-
tional environments of the Bullion Creek and Sentinel Butte Formations 
in the study area; 2) to examine the possibilities for the provenance of 
the sedimentary rocks comprising these units; and 3) describe the depo-
sitional history of the area. 
Study Area 
Previous studies of the Bullion Creek Formation have largely 
concentrated on exposures in Golden Valley and Billings Counties, with 
an emphasis on the South Unit of Theodore Roosevelt National Park. 
Similarly, the North Unit of Theodore Roosevelt National Park and the 
immediately surrounding areas have been examined by workers conducting 
studies on the Sentinel Butte Formation. These general areas are highly 
accessible and contain some of the best exposure~ of the units. The 
1 
2 
intent in choosing the present study area was to look at an area of 
unexamined outcrop such as to provide a "link0 , joining areas of previ-
ous investigation. 
The heavily dissected Little Missouri River Badlands in a part of 
southernmost McKenzie County, North Dakota, were chosen for these 
purposes (Fig. 1). The area is located in T. 145 N. and T. 146 N., R. 
102 W. on the west side of the Little Missouri River. The map in Figure 
2 shows the approximate limits of the study area. The northern and 
southern boundaries are the northern drainage divides of the French 
Creek and Cinnamon Creek drainage basins, respectively. Approximately 5 
miles (8 km) west of the Little Missouri River, the topography changes 
from typical badlands to a form with poor. exposures. This transition 
marks the western limit of the area. The eastern boundary is the Little 
Missouri River. The area contains excellent exposures of the upper part 
the Bullion Creek Formation and the lower part of the Sentinel Butte 
Formation. The contact between the two formations is well exposed in 
most parts of the study area. 
It was discovered during the course of reconnaissance that expo-
sures of both formations increased in frequency and quality southward 
from the northern boundary of the study area. The Cinnamon Creek drain-
age basin proved to have the best exposures, but these were hazardously 
steep and accessibility of the area was limited. Therefore, though most 
parts of the larger study area were visited, the study was concentrated 
in the Horse Creek and Bear Creek drainage basins which covered a total 
of approximately 12 square miles (31 sq. km.). 
3 
Figure 1. Generalized location of study area. 
I 
T 146N 
T 145N 
I 
I 
! 
' : 
R102W · 
18 i 17 I ' I 16 ' 15 14 I 
: 20 : 21 i I 19 22 i 23 : 
' 
30 l 29 ! 28 : 27 ' 26 
31 ! 32 j 33 : 34 ' i 35 
I 
' ! i ' 6 I 5 I 4 3 i 2 I 
7 I a ! 9 I 10 j 11 i i i i 
18 I 17 j 16 i 15 ! 14 
' 
' 
I I 
/ I I I I ; 
: 
' 
/ 
I M£KENZIE CO, 
~!,/ 
j ~-=----of 
i I 
I I 
I I 
I ! 
I , 
I I 
: 
I I 
! 
I , 
/ / 
/ J 
' I I : 
'I/. 
jY 
NORTH DAKOTA 
5 
Figure 2. Topographic map of study area. Single solid line 
indicates boundaries of area. Double solid line 
indicates boundaries of area of principal investiga· 
tion. 
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The geologic map of the area (Plate I) shows the distribution of 
the two formations. The Bullion Creek Formation forms steep bluffs 
with scattered "caps" of Sentinel Butte Formation exposures near the 
Little Missouri River. Between 1.5 and 2 miles (2.4-3.2 km) west of the 
river, the bases of the drainage systems rise abruptly to the elevation 
of the HT Butte lignite or clinker bed. In this region, Bullion Creek 
exposures are either short or covered, whereas Sentinel Butte exposures 
are generally good. 
Methods 
Field methods consisted of measurement of stratigraphic sections 
coupled with observations of the lateral aspects of bedding, tracing of 
paleochannels and measurement of paleocurrent indicators, collection of 
lithologic and paleontologic samples, and mapping of formation bounda-
ries. 
The measurement of stratigraphic sections was achieved with the aid 
of a Jacob's staff and a hand level. The selection of measured section 
sites was based on two criteria. First, the section had to be 
adequately exposed. Outcrops showing excessive slopewash or heavy vege-
tative cover were rejected as undesirable. Secondly, whereas slopes as 
near vertical as possible were sought, it was further required that the 
section be such that it could be climbed and measured with a margin of 
safety. Composite sections were completely avoided as it was believed 
at the onset of the project, and subsequently confirmed, that the 
lateral variability of the strata demanded near vertical measurements 
for accurate interpretation. A minimum of three measured sections per 
square mile was considered desirable for adequate control in strati-
graphic correlation. 
8 
Lithologies observed were of four principal types: sandstone, 
claystone, limestone, and lignite. Distinctions between beds were made 
by color, lithology, and, on rare occasions, by topographic expression. 
In some cases, thin(< 1 inch or 2.5 cm) lignite stringers defined the 
separation of two thicker beds. Layers less than l inch (2.5 cm) thick 
were recorded but not measured separately. Descriptive terms in refer-
ence to bed thickness are from McKee and Weir (1953). 
The descriptions of individual beds included lithology, general 
color, primary structures, fossil content; and other noteworthy charac· 
teristics. Samples of partially-consolidated to well-cemented sand· 
stones, unique or interesting lithologies, and fossils were collected 
where encountered. Paleontologic samples collected in the field and 
mentioned in the text have been catalogued, numbered, and placed in the 
University of North Dakota paleontology collection. Data for interpret-
ing paleocurrents were also collected where measurable primary struc-
tures were encountered. Finally, shapes and lateral relationships of 
beds were noted. 
Paleochannel mapping and measurements for paleocurrent analysis 
were accomplished simultaneously. In certain areas, channels cropping 
out at the surface could be followed; there, the channel locations were 
mapped and measurements for calculating paleocurrent directions were 
recorded along the trend of the channel during the mapping. In other 
locations, where channels occurred on the face of a bluff, paleocurrent 
measurements were recorded. Channel outcrops were considered as part of 
the same system if a sighted line, parallel to the paleocurrent azimuth 
of one outcrop, intersected another channel outcrop at the same strati· 
9 
graphic level. Paleocurrent measurements, in all cases, were taken as 
azimuth directions from flow-related sedimentary structures. 
The contact between the Bullion Creek and Sentinel Butte Formations 
was determined from the position of the HT Butte lignite or clinker, 
following the definition of Royse (1967a, b). Throughout the study 
area, the contact occurred at a mean elevation of 2380 feet (726 m) with 
a deviation of less than 15 feet (4.6 m). Examination of aerial photo-
graphs of the study area facilitated the mapping process. 
Panel diagrams were constructed for the Bullion Creek and Sentinel 
Butte Formations using data from measured sections as well as general 
observations. The panel diagrams reflect the fact that some beds, such 
as channel-fill sandstones and thick lignites, could be traced for 
considerable distances, as these types of deposits were easily recog-
nized from locality to locality. Therefore, the diagrams illustrate 
continuity of lithology developed with some confidence, whereas the 
panels indicate that other lithologies, such as thin sandstone or clay-
stone layers, could be traced with only marginal success and are left 
blank. Panel 10-15 (Fig. 3, Plate II) is composed of six sections meas-
ured along an exposure and contains sufficient data for high confidence 
in stratigraphic correlation. Unfortunately, this detail was not possi-
ble for most exposures within the study area. Cherven (1973) and John-
son (1973) constructed cross-sectional diagrams from measured sections. 
Though the lateral relationships of strata are clearly illustrated in 
the work of these authors, a three-dimensional aspect is lacking. The 
panels constructed in the present work are an attempt to show strati-
graphic relationships in three-dimensions. Figures 3 and 4 illustrate 
10 
the locations of measured sections and resultant panels for the Bullion 
Creek and Sentinel Butte Formations, respectively. The section labeled 
"4" in both figures represents the same locality. Panel diagrams for 
the Bullion Creek and Sentinel Butte are given in Plates II and III, 
respectively. 
Laboratory procedures consisted of thin section analysis of 
collected sandstone and limestone samples, scanning electron microscope 
analysis of limestones, and X-ray diffraction analysis of claystone 
samples. Thin section preparation consisted of impregnation of sand· 
stones with epoxy and hand-grinding on glass to optic thickness. Using 
the methods of Friedman (1971), the thin sections were later stained 
with alizarin red Sas an aid in distinguishing between dolomite and 
calcite grains. A total of 64 thin sections were made of sandstones, 
limestones, and claystones. Of these, 38 sections were point-counted, 
with an attempt made to count at least 400 points per slide. In a few 
slides, this was not possible and the total counts numbered around 300 
points. Thin sections of limestones, sandy limestones, limy sandstones, 
muddy sandstones, and claystones were not point-counted due to the 
nature of the lithology. 
In several figures within the text, the shorthand version of Town· 
ship-Range-section location was used. This consists of a North Township 
number, a Vest Range number and a section number. Letters which follow 
the section number represent quarter section designations, which starts 
with the largest quarter section and proceeds to the smallest quarter 
section~ "A" represents the northeast quarter, "B" represents the 
northwest quarter, "C" represents the southwest quarter, and 11D" repre-
11 
Figure 3. Configuration of panel diagram (Plate II) of Bullion 
Creek Formation showing locations of measured 
sections. 
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Figure 4. Configuration of panel diagram (Plate III) of Senti-
nel Butte Formation showing locations of measured 
sections. 
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sents the southeast quarter. The numbering of lithologic samples 
employed this shorthand notation. Sample numbers begin with a two-let-
ter designation for the formation the sample was obtained from, followed 
by the section-quarter section shorthand. This is followed by a sequen-
tial number. 
Previous Works 
The Bullion Creek and Sentinel Butte Formations in North Dakota and 
the presumed equivalent Tongue River Member of the Fort Union Formation 
in Montana, South Dakota, and Wyoming, have been studied extensively, 
mostly for purposes of lignite exploration and evaluation. A review 
here, of all the literature written on these units is beyond the scope 
of this study and, further, as the detailed stratigraphy has been 
reviewed by numerous authors (Royse, 1967a; Delimata, 1969; Clayton and 
others, 1977; Winzcewski, 1982), a full history of stratigraphic nomen-
clature will be avoided for the sake of brevity. The following is, 
rather, a historical summary of the evolution of ideas concerning 
tectonics, depositional environments and stratigraphic nomenclature of 
the two units in North Dakota. Figure 5 shows, diagrammatically, the 
terminology and timing of the stratigraphic nomenclature referred to in 
this section. 
Stratigraphic Nomenclature 
According to Leonard (1908, p. 51), the first use of the name "Fort 
Union Group" was by F. V. Hayden in 1861 to describe" ... the group 
' 
of strata, containing lignite beds, in the country around Fort Union, at 
the mouth of the Yellowstone River, and extending north into Canada and 
16 
Figure 5. Chart showing major changes in nomenclature of 
uppermost Cretaceous and Paleocene stratigraphic 
units in western North Dakota. a. Present usage 
(Clayton and others, 1977), b. Hickey, (1966), c. 
Royse (1967), d. Benson and Laird (1947), e. Laird 
and Mitchell (1942), £. Dorf (1940), g. Thom and 
Dobbin (1924), h. Leonard (1908), and i. Hayden 
(1861). Lower and Upper Members of Golden Valley 
Formation now termed Bear Den and Camels Butte, 
respectively (Hickey, 1977). 
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south to old Fort Clark, on the Missouri River above Bismarck." The use 
of "Fort Union Group" was suggested as a replacement for the more 
general "Lignitic Group" of earlier workers. By the turn of the 
century, the designation of these rocks as the Fort Union Formation was 
well established in North Dakota, Montana, Wyoming, and South Dakota; 
the strata were considered to be of Eocene age. 
The names "Tongue River Member" and "Sentinel Butte Shale Member" 
apparently originated from convenience groupings of lignite beds. Taff 
(1909) used the label "Tongue River group of coals" to include" . 
seven workable beds of coal ... exposed principally in the valley of 
the Tongue River ... " in the Sheridan coal field of Wyoming. At the 
same time, Leonard and Smith (1909), in a report on the Sentinel Butte 
lignite field, recognized a distinct difference in the strata of the 
Fort Union Formation. On the basis of color, the strata were divided 
into two members (p. 18). The upper member of "somber sandstones and 
shales" was the equivalent to their "Sentinel Butte group of coals". A 
report published earlier by Leonard (1908), but encompassing a later 
field season than the previous work, listed a different organization. 
The Fort Union Formation of this work was divided into three members, 
also based on color, and assigned an early Eocene age. His "Sentinel 
Butte group of coals", in this case, did not correspond directly to the 
upper member, but included a portion of the Middle Member (previously 
Lower Member) of the Fort Union Formation. Although this is the origin 
of the terminology in the literature, it is unclear when the specific 
names "Sentinel Butte Shale Member" and "Tongue River Member" came into 
use. It is clear, however, that by 1924 the names were in use. 
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Thom and Dobbin (1924) seem to have been the first to attempt to 
correlate the strata of the Powder River Basin with those of the Willi· 
ston Basin. Their correlation (p. 498, table 2) extended the Tongue 
River Member of the Fort Union Formation from the Powder River Basin 
into eastern Montana and the Dakotas. They considered (1924, p. 495) 
the Sentinel Butte Shale Member " ... typically developed at Sentinel 
Butte, North Dakota .. essentially equivalent to the Intermediate 
Coal group {Taff, 19091 of northern Wyoming •.. and the lower part of 
the Kingsbury conglomerate fl The authors considered the Sentinel 
Butte shale to be of Wasatchian age and regarded it as distinct from 
Fort Union rocks. 
Dorf (1940) included the Ludlow and Cannonball Members, previously 
assigned to the Lance Formation, in the Fort Union Formation. He 
further proposed the elevation of the Fort Union and Ludlow (Tullock) to 
group and formation rank, respectively. All the strata of the Fort 
Union were now considered as Paleocene in age. The placement of the 
Cretaceous-Tertiary boundary at the top of the Hell Creek Formation is 
still considered appropriate although this is coming into some question 
(Archibald, 1981, p. 238). Laird and Mitchell (1942, p. 21) proposed 
that the Tongue River be raised to the rank of formation. They consid• 
ered (p. 21) the Sentinel Butte a formation as well; but, following the 
lead of previous workers, they considered it to be of Eocene age, the 
"equivalent" of Wasatch rocks of the Powder River Basin. Late.r work by 
Brown (1948), however, demonstrated that the Sentinel Butte shale was, 
in fact, Paleocene and so, in work done at roughly the same time, Benson 
and Laird (1947) revised the nomenclature to include the Sentinel Butte 
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as a member of the Tongue River Formation. In addition, the authors 
named the Golden Valley Formation" formerly known as 'unnamed 
formation' of the Wasatch Group." It was assigned an Eocene age. 
This classification remained in use until Royse (1967a, b) demon· 
strated that the Sentinel Butte was mappable west of the Missouri River 
and so elevated this unit to formation status. Hickey (1966) recognized 
the occurrence of a Paleocene flora in the Lower Member of the Golden 
Valley Formation, thus redefining the Paleocene-Eocene boundary. Partly 
because they felt that the identity of the strata called "Tongue River 
Formation" in North Dakota with those of the type area had not been 
fully demonstrated, Clayton and others (1977, p. 10-12) named the 
Bullion Creek Formation for strata lying unconformably above what is now 
known (Wehrfritz, 1978) as the Rhame silcrete layer and conformably 
beneath the Sentinel Butte Formation. The Slope Formation was defined 
as underlying the Bullion Creek Formation and resting on the Cannonball 
Formation (central North Dakota) and the Ludlow Formation (western North 
Dakota). This terminology is presently used by the North Dakota Geolog-
ical Survey and will be used in this report. 
Sedimentology 
The only prior work to be completed in the study area was by 
Meldahl (1956). The purpose of the study was to define economically 
important lignite deposits, construct a geologic map of the area and 
measure sections for purposes of stratigraphic correlation with sections 
in adjacent areas. Meldahl assumed that the lignites were everywhere 
time equivalent, and thus were useful as stratigraphic markers. 
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Clark (1966) examined the stratigraphy of the Sperati Point Quad-
rangle, located within, and adjacent to, the North Unit of Theodore 
Roosevelt National Park. Clark measured six sections within the area 
and constructed a fence diagram correlating the main marker beds within 
the Sentinel Butte. Although other units were described, the main 
emphasis was on the Sentinel Butte and he offered a simple depositional 
picture for the unit. Clark suggested (p. 29) that the Sentinel Butte 
was deposited on an extensive alluvial or coastal plain, with the strata 
resulting from deposition in meandering fluvial systems and accompanying 
lakes and swamps of varied lateral extent. An important observation 
made by Clark (p. 27-29) was that individual beds, although seemingly 
continuous, were not correlatable over any great distances. Aside from 
Blue and Yellow marker beds, he found only one lignite (unnamed) to be 
useful as a stratigraphic marker bed in the area. The other lignite 
beds were, for the most part, seen to pinch out over short distances. 
Crawford (1967) studied the "lower member and Sentinel Butte Member 
of the Tongue River Formation" in Golden Valley County, North Dakota. 
The main purpose of the study was to measure sections involving both 
"members" and suggest ways in which the two units could be differenti-
ated. From sedimentologic and paleontologic evidence, Crawford surmised 
that a similar depositional scheme existed for both units. He stated 
(p. 40) that the "lower member" was deposited on a coastal plain by 
" several large rivers slowly anastamosing across the flatland." 
In addition, numerous lakes and swamps were also present during "Tongue 
River time", as evidenced by carbonate and lignite deposits, respec-
tively. The only depositional difference Crawf~rd found between the two 
., 
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"members" (p. 45) was that the Sentinel Butte was deposited in "lower 
energy" rivers·as well as large-scale lakes. He maintained (p. 45) that 
lacustrine deposition would account for the poor sorting and lack. of 
sedimentary structures in certain parts of the section. 
The ll!Ost complete sedimentologic study of the Tongue River-Sentinel 
Butte interval was by Royse (1967b, 1970). Major contributions from his 
work. included precise definition of the Tongue River-Sentinel Butte 
contact, revision of stratigraphic nomenclature (elevation of the Senti-
nel Butte Member to formation status, 1967a), and basin analysis, 
including tectono-sedimentologic relationships and depositional history 
as determined through field observations and sediment-size data. First, 
he reasoned that basin subsidence controlled the deposition of the 
interval, as evidenced by the general thickening of the deposits toward 
the center of the basin. Secondly, he implied differences in the rela-
tive stabilities of the depositional regimes of the two units. The 
thick. sands and lignites, large-scale crossbeds, etc., indicated "a more 
stable fluvial regime" in the "Tongue River Formation". Finally, using 
textural data from samples gathered from the interval in combination 
with CM plots (Passega, 1957), he concluded that the strata represented 
" a depositional continuum from stream channels to back.water 
swamps. 11 • 
Delimata (1969) attempted to define the environment of deposition 
of the "Tongue River" and Sentinel Butte Formations by examining the 
paleontology and paleoecology of the two units. Two problems were noted 
(p. 40). First, he found rare occurrences of a brackish-water bivalve 
in association with an assemblage of fresh-water fossils. Second, and 
: 
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more important, was a total lack of pulmonates (commonly considered lake 
dwellers) and terrestrial gastropods. Despite these inconsistencies for 
interpretation of the presence of a lake, Delimata inferred (p. 46), 
from a comparison of sediment and faunal associations and modern 
analogs, that the units were deposited in "a lacustrine environment with 
ephemeral or sluggish streams" emptying into the lake. This interpreta-
tion was in disagreement with the previous work of Royse in that it 
emphasized the lacustrine aspect rather than the fluvial. 
A study of the depositional environment of the "Tongue River Forma-
tion" was undertaken by Jacob (1973). The study was concentrated in the 
vicinity of Medora, North Dakota, although other localities were inves-
tigated. Jacob recognized (p. 1038) several lithologic "associations" 
based on color and grain size and he presumed these to be specific to 
certain subenvironments of deposition. Two types of sandstone deposits 
were described, linear and tabular. The linear sandstone deposits were 
interpreted (p. 1047) as paleochannel deposits, which were characterized 
as being straight, narrow, deeply incised and vertically stacked. The 
tabular sandstone beds, described (p. 1047) as thin and laterally exten-
sive, were interpreted as the product of migrating "point bars" or 
"lateral accretion" deposition in high-sinuosity streams. At the time, 
Jacob was unclear as to the nature of deposition of the formation but 
suggested (p. 1050) that it may have formed "on the subaerial part of a 
high-constructive delta." Further, be stated (p. 1044) that t.he strata 
would have to have resulted from deltaic progradation in a lacustrine 
environment, due to the fact that the "Tongue River" deposits are non-
marine. 
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Cherven (1973) used techniques similar to Jacob's in a study of the 
lower part of the Sentinel Butte Formation in the vicinity of the North 
Unit of Theodore Roosevelt National Park. Detailed descriptions of 
tabular and trough-shaped sandstone layers, as well as other litholo· 
gies, were given as evidence (p. 24·43) that the Sentinel Butte Forma-
tion was formed on a high-constructive, fluvially•dominated delta. 
Stacking of the tabular channels (similar to that noted by Jacob in the 
linear sandstones of the "Tongue River Formation") was found to occur in 
the Sentinel Butte. In general, Cherven (p. 28) thought these high· to 
low-sinuosity tabular paleochannels and the trough-shaped "distributary" 
channels" ... were closely associated on the upstream part of a 
deltaic plain." 
Johnson (1973) studied the upper part of the Sentinel Butte Forma· 
tion in the area where Cherven had worked. The results of the study 
were not significantly different from those of Cherven, but he went one 
step further in hypothesizing (p. 60) that the Cannonball Formation 
might represent the delta-front facies of a complete, Paleocene, deltaic 
complex which included the Sentinel Butte. 
Jacob (1975) improved the definition of the Tongue River-Sentinel 
Butte contact by expanding and reworking the previous work of Royse 
(1967a, b). The observations of Royse centered around the visual 
aspects of contact identification with an emphasis on the HT Butte 
lignite and basal-sandstone marker bed while Jacob's study dealt more 
with differentiation in the subsurface or in surface exposures where the 
marker bed was not exposed. The results of Jacob's study indicated that 
(p. 13), aside from the color differences, there were numerous ways of 
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discerning between the two formations, including weathering patterns of 
sands in outcrop, mineralogic composition of sandstones, and heavy 
mineral assemblages. 
Jacob (1976) revised his earlier work on depositional environments 
of the "Tongue River Formation" and included a study of the Sentinel 
Butte Formation. The main purpose of the study was to examine the 
uranium potential of the two formations but he alluded (p. 35-36), in 
the summary of the depositional environments, to the idea, first 
proposed by Johnson (1973), of the contemporaneity of the Sentinel 
Butte, "Tongue River", and Cannonball Formations. He envisioned the 
Sentinel Butte and the "Tongue River" Formations as the upper and lower 
delta-plain facies respectively, while the Cannonball Formation repre-
sented the delta-slope and marine facies of a large prograding delta. 
Steiner (1978) studied the petrology of the Bullion Creek and 
Sentinel Butte Formations. He suggested (p. 74-75) the existence of a 
relationship between coarse, angular, "unstable" detritus and source-
area instability. Having looked at sandstone samples from the two 
formations, he suggested (p. 75) that the Bullion Creek Formation repre-
sented, for the most part, sedimentation from a stable, inactive 
source-area. In contrast (p. 75), he viewed the basal sandstone of the 
Sentinel Butte Formation as representing a period of orogenic instabil-
ity in the source area as demonstrated by the coarse, angular nature of 
the sands, as well as the "unstable" minerals located therein. This 
source then regained stability over time and the remainder of Sentinel 
Butte deposition was a reflection of this quiescence (p. 78). 
26 
Yet another study of the stratigraphy and sedimentology of the 
Sentinel Butte Formation was by Nesemeier (1981) in the Lost Bridge area 
of Dunn County, North Dakota. Though the study lacked detail, Nesemeier 
made some generalizations regarding the environment of deposition of the 
unit. He reported (p. 45-48) an upward decrease in flow regime (as 
evidenced by bedforms) in the paleochannels of the formation and epsilon 
cross-stratification at channel margins, and inferred them to represent 
meandering stream deposits. 
The most recent study dealing with the environment of deposition of 
the Sentinel Butte Formation was that of Logan (1981). The study dealt 
with the Kinneman Creek interval, which rests stratigraphically on the 
Hagel lignite bed, She stated that most of the sedimen.s in this inter-
val were the result of "fallout" or turbidity flows occurring in quiet 
water. Overall, she theorized a lacustrine depositional model for this 
particular interval. 
Winczewski (1982) completed a study of the relationship between 
sedimentation and basin tectonics in the Bullion Creek and Sentinel 
Butte Formations. The study was based on the assumption that lignites 
within the formations can be correlated over great distances, thereby 
making it possible to break the formations into distinct depositional 
intervals. Based on these "continuous" intervals,. many conclusions were 
made with regard to depositional environments, paleodrainage patterns, 
and time changes in sedimentation. First, he recognized "sandy belts" 
which he believed to represent "channel zones". During Bullion Creek 
time, the sandy belts were oriented northwest-southeast and he believed 
this "channel zone" orientation to represent fluvial control by a 
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subsiding basin axis. The southwest-northeast trend of the sandy belts 
in the Sentinel Butte Formation were believed to " .. represent depo· 
sition by a fluvial system that was being forced northward by the 
advancing base level." Secondly, he inferred that the source for the 
sediment was the Powder River Basin from which fluvial systems flowed 
northward. These fluvial systems were then diverted into the Williston 
Basin by the structural relief of the Cedar Creek Anticline. Thirdly, 
he proposed the notion of a depositional interval or large-scale fluvial 
fining-upward "package" occurring between any two widespread mappable 
coal units. 
Lefever and others (1983) refuted this latter statement in the most 
recent work on the two units. Recognizing that most previous authors 
(Jacob, Cherven, Johnson, Winczewski, etc.) have reported general 
fining-upward "cycles" in the two formations, the authors used Markov 
analysis on data collected from drill holes and outcrops to test the 
validity of this suggestion statistically. The results of the study 
showed that the wiits did exhibit preferred successions but not as 
conceived by previous workers. These successions are sandstone-silt-
stone, siltstone-sandstone, and shale-lignite instead of the expected 
sandstone-siltstone-shale-lignite transitions of the classic fining-up· 
ward sequence. 
LITIIOLOGY 
For purposes of this study, the lithologies were categorized into 
four general groups: sandstone, claystone, limestone, and lignite. 
These will be discussed individually in the following sections. In 
addition, a fifth major group consisting of very thinly interbedded very 
fine-grained sandstone and claystone or siltstone and claystone will be 
described. This group will be termed "interbeds" for convenience. 
Sandstone 
Sandstone, while not the most voluminous lithology present, is the 
most important in terms of information. The sandstones in the Bullion 
Creek and Sentinel Butte Formations are generally poorly-cemented, 
except for occasional concretionary layers which occur throughout the 
units. The sandstones of the Bullion Creek are much less indurated than 
those of the Sentinel Butte and are the major contributors to slopewash 
in the Bullion Creek. The majority of the sandstone in the Sentinel 
Butte has considerable interstitial clay, as opposed to the relatively 
clean sandstone of the Bullion Creek. This is probably attributable to 
differences in depositional styles, as discussed in a later section. In 
outcrop, the weathered sandstones of the Bullion Creek are yellow-brown 
in color while the Sentinel Butte sandstones are gray. Fresh surfaces 
show similar colors in both units. 
The results of petrographic analysis of the sandstones are given in 
Appendix A and summarized in Table 1. Quartz is the most abundant 
mineral present in both the Bullion Creek and Sentinel Butte Formations 
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Table l. Average mineralogic compositions of sandstones .from 
the Bullion Creek and Sentinel Butte Formations, 
tabulated from results of point-counting (Appendix 
A). 
BULLION CREEK SENTINEL BUTTE 
GRAINS FORMATION FORMATION % % 
QUARTZ 31.1 30.8 
CARBONATE 17.5 6.9 
PLAGIOCLASE 0.9 4.8 
K·FELDSPAR 0.3 0.7 
SEDIMENTARY 4.6 8.9 ROCK FRAGMENTS 
METAMORPHIC 2.3 4.9 ROCK FRAGMENTS 
IGNEOUS 1.7 8.7 ROCK FRAGMENTS 
UNIDENTIFIED 1.1 2.3 ROCK FRAGMENTS 
HEAVY MINERALS 0.4 1.5 
i 
MATRIX I 
CLAY 1.1 6.4 
HEMATITE 0.5 trace 
CEMENT 
CHERT, CHALCEDON, 10.3 14.6 
CARBONATE 27. 7 8.3 
ln:8 9901 in :83871 
}'. 
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and accounts for roughly 30 percent of the total counts for both fora,a-
tions. Quartz grains, of both units, are subrounded to subangular, with 
only rare occurrences of well-rounded grains. Polycrystalline and undu-
latory or strained quartz grains are present but, as noted by Blatt and 
Christie (1963, p.574), these have little value in terins of provenance; 
for this reason, the quartz types were not recorded separately. 
Carbonate grains are also present in the sandstones of both forma-
tions; although the quantity of these in each unit is significantly 
different, with the larger percentage of carbonate grains occurring in 
the Bullion Creek. The origin of these grains is unclear. Jacob (1975, 
p. 11) referred to the carbonate grains as detrital sedimentary rock 
fragments" ... as indicated by their rounded form; lack of replace-
inent textures; hydrodynamic equivalence to other elastic grains, such as 
quartz; association with other supracrustal rock types, such as chert 
and volcanic rock; and lack of plutonic minerals, such as feldspar." 
A photomicrograph of typical carbonate grains from both formations 
in the study area (Fig. 6a, b) illustrates their appearance. Some of 
the grains have a strong euhedral outline while others are well-rounded. 
Staining with alizarin red S showed a calcite to dolomite ratio of 
approximately 1:3. Dolomite grains are generally monocrystalline euhe-
dra whereas calcite occurs as monocrystalline and, more rarely, poly-
crystalline anhedra. No relict structures were observed in either 
mineral; although many clay-size grains are present. 
Plagioclase and potassium-rich feldspars occur throughout the 
Bullion Creek and Sentinel Butte sandstones in minor amounts. Gener-
ally, plagioclase is a,ore abundant than K-feldspar in both formations. 
32 
Figure 6. Photomicrographs of carbonate grains from the 
Bullion Creek and Sentinel Butte Formations. 
a) Example of euhedral dolomite rhombohedron (arrow!, 
Sentinel Butte Formation, sample SB SDAA-1. 100, 
crossed nicols. Base of photo represents 0.02 i ch 
(0.4 mm). i 
b) Examples of monocrystalline anhedron (m) and poll-
crystalline aggregates (p) of calcite, Bullion C~eek 
Formation, sample BC 2CDA-3. lOOX, crossed nicols. 
Base of photo represents 0.02 inch (0.4 mm). ' 
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Both minerals are more abundant in the Sentinel Butte sandstones with 
maximum percentages, in some instances, approaching 12 percent of the 
total. In the Sentinel Butte, plagioclase averages approximately 60 
percent of the total feldspar whereas plagioclase in the Bullion Creek 
sandstones averages about 80 percent. 
The feldspars are typically fresh, unaltered, and subangular in 
both formations (Fig. 7a). This would lead one to discount a sedimen· 
tary source for the minerals; the occurrence of oscillatory-zoned 
plagioclase (Fig. 7b) and myrmekite suggests a dacitic or rhyodacitic 
source (or their intrusive counterparts) for at least part of the felds• 
par. 
Rock fragments are common throughout the Bullion Creek and Sentinel 
Butte sandstones. Rock fragments were broadly classified as sedimen-
tary, igneous, or metamorphic. Sedimentary rock fragments include 
detrital chert (Fig. Sa), shale or claystone, lignite, and polycrystal-
line carbonate (Fig. Sb). Because of the abundance of monocrystalline 
carbonate grains and the ambiguity surrounding their origin, these were 
not included in the sedimentary rock category, but rather were counted 
separately. Metamorphic rock fragments encompass a wide variety of 
schists and gneisses. Included in this category were the grains of 
highly sutured polycrystalline quartz with preferred orientation, a 
presumed remnant of foliation. Igneous rock fragments consist almost 
entirely of volcanic material (Fig. 9). 
Matrix in the sandstones consists of clay and, rarely, hematite. 
Cements are fine crystals of chalcedony and microcrystalline chert, or 
coarsely crystalline calcite, or a combination of these two mineral 
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Figure 7. Photomicrographs of detrital plagioclase from the 
Sentinel Butte Formation, Sample SB 4CAA-1. 
a) Example of unaltered plagioclase feldspar grain (P). 
lOOX, crossed nicols. Base of photo represents 0.02 
inch (0.4 mm). 
b) Example of zoned 
volcanic origin. 
photo represents 
plagioclase grain (Z), likely of 
lOOX, crossed nicols. Base of 
0.02 inch (0.4 mm). 
a 
.. 
. /, 
• 
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Figure 8: Photomicrographs of detrital sedimentary rock frag· 
ments from the Bullion Creek and Sentinel Butte 
Formations. 
a) Examples of detrital, microcrystalline chert grains 
(c), Sentinel Butte Formation, sample SB 5DAA·2. 
40X, crossed nicols. Base of photo represents 0.04 
inch (1.0 mm). 
b) Grain of rounded, polycrystalline calcite (pc), of 
detrital (?) origin, Bullion Creek Formation, sample 
BC JBAA-2. lOOX, crossed nicols. Base of photo 
represents 0.02 inch (0.4 mm). 
'~ 
' 
• ., 
~-
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Figure 9. Volcanic rock fragment (v) showing numerous laths of 
feldspar(?) in a fine groundmass, Sentinel Butte 
Formation, sample SB 4CAA·l. lOOX, crossed nicols. 
Base of photo represents 0.02 inch (0.4 mm). 
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types. The chert cement (Fig. 10) exhibits "pin-point" extinction. In 
places, the chert completely fills interparticle spaces, while in other 
areas the cement is barely visible around the edges of detrital grains. 
The close association with clay, and the entrapment of clay within the 
chert suggests that the cement was the result of clay-mineral recrystal-
lization. Carbonate cementation followed the formation of chert, as 
evidenced by "islands" of chert located within the carbonate. The 
coarsely crystalline carbonate cement (Fig. 11) makes distinction 
between cement and detrital carbonate grains difficult in many cases. 
In such instances, where cement completely fills voids, grain-to-grain 
I 
contacts are absent and some volume expansion of the framework probably 
occurred. Cementation by calcite does not necessarily depend on nuclea-
tion centers of detrital carbonate, as shown by the bladed crystals of 
calcite cement rimming a detrital lignite grain in Figure 12. 
Clays tone 
Rocks from clay-size sediments are the most abundant rock type in 
the Bullion Creek and Sentinel Butte Formations. The color of claystone 
layers is variable throughout both units, but fresh surfaces generally 
are of medium to dark gray color. Most of the claystones are poorly 
cemented but are very well indurated and dense. These claystones yield 
well-developed conchoidal fracture on broken surfaces. 
The surface expression of the claystone layers varies from the 
Bullion Creek to the Sentinel Butte. The claystones of the Bullion 
Creek occur as ill-defined layers, commonly associated with lignitic 
laminae. The weathered surface of these layers is commonly littered by 
wash from overlying sediments and is marked by polygonal drying-cracks. 
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Figure 10. Photomicrograph of microcrystalline, pore-filling 
chert cement, Sentinel Butte Formation, sample SB 
5DAA-2. lOOX, crossed nicols. Base of photo repre-
sents 0.02 inch (0.4 mm). 

Figure 11. 
Figure 12. 
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Photomicrograph of coarsely crystalline calcite 
cement (c), Bullion Creek Formation, sample BC 
2CDA·3. lOOX, plane light. Base of photo repre• 
sents 0.02 inch (0.4 mm). 
Photomicrograph of lignite grain (black) acting 
as nucleation center for growth of lath·like 
crystals of secondary calcite, Sentinel Butte 
Formation, sample SB 5DAA·6. lOOX, crossed 
nicols. Base of photo represents 0.02 inch 
(0.4 mm). 
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A notable exception to this general appearance occurs in the upper part 
of the Bullion Creek Formation where a claystone layer was found with a 
"popcorn" weathering surface and an accompanying, thin, red, concretion-
ary layer as well as a basal layer of fossil debris. This particular 
claystone layer is continuous throughout the study area. 
The claystone layers of the Sentinel Butte are more distinct in 
appearance as they have not been obscured by the masking effects of 
slopewash as in the Bullion Creek. The weathered surface of most layers 
is somewhat "swollen" due to the action of expanding clays, and displays 
similar polygonal cracking to that in the Bullion Creek. 
X-ray diffraction of three representative samples (one "typical" 
sample from the Bullion Creek, the previously described "popcorn" clay 
from the Bullion Creek, and one sample from the Sentinel Butte) showed 
quartz, potassium feldspar, plagioclase, kaolinite, montmorillonite, 
illite, calcite, and dolomite peaks. Figure 13 illustrates the middle-
range peaks of these three samples. Though there seems to be little 
compositional variation between the mineralogies of the s,amples, there 
is a notable difference in the carbonate content. The "typical" Bullion 
Creek and Sentinel Butte samples show strong peaks for calcite and 
dolomite while in the "popcorn" clay of the Bullion Creek, these miner· 
als are entirely absent. 
Limestones 
With the exception of some isolated, elongate, concretionary, sandy 
limestone bodies in the Sentinel Butte (Fig. 14), limestones are 
restricted to the Bullion Creek Formation. Two types of carbonate accu-
mulations occur in the Bullion Creek: a finely-laminated to massive 
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Figure 13. Sections of X-ray diffractograms of Bullion Creek 
"popcorn" clay (BC 34DBD-2), normal Bullion Creek 
clay (BC 35CBD-2), and normal Sentinel Butte clay 
(SB SACA-4) with 3.34 quartz (Q), 3.18 plagioclase 
(P), 3.04 calcite (C), and 2.88 dolomite (D) d·spac· 
ings illustrated. 
a 
p 
BC 340B0·2 
C Q 
0 
p 
BC 35CBD·2 
a 
D C 
p 
SB 5ACA·4 
28 
49 
Figure 14. Sandy limestone layer from the Sentinel Butte Forma-
tion. Illustrated deposit is 4 inches (10 cm) 
thick, 5.3 feet (1.6 m) long (foreground to back-
ground). Location 146-102-32DAA. 
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micritic limestone and, more rarely, a gastropod, bivalve, fish-scale 
biomicrite~ 
In outcrop, the micritic limestones (micrites) are light brown (5YR 
6/1) on weathered surfaces to light olive-gray (SY 5/2) on fresh 
surfaces and commonly display a coating of drusy calcite crystals on 
some surfaces. Figure 15 illustrates a typical exposure of the micrite. 
A polished thin-section of the limestone viewed with the scanning 
electron microscope (Fig. 16a) shows a finely-laminated, finely-crystal-
line limestone. The faint dark lines are the microscopic expression of 
the faint laminations seen in outcrop. A close-up of one such lamina-
tion (Fig. 16b) further demonstrates the elastic nature of the micrite 
with contained detrital quartz, dolomite, and biotite grains. Both 
dolomite and calcite grains display "abraded" margins and lack distinct 
crystal forms. 
Microprobe analysis indicates non-ideal ionic ratios for both 
calcite and dolomite in the micrite. The structure of dolomite is low 
in magnesium; magnesium only accounts for roughly 40 percent of the sum 
of calcium and magnesium. There appears to be minor substitution of 
iron for magnesium within the dolomite lattice. Calcite is also non-
ideal and shows minor substitutions of magnesium, iron, and, to a lesser 
extent, manganese for calcium. 
The gastropod, bivalve, fish-scale biomicrite is entirely different 
from the micrite previously described. To date, no limestones of this 
type have been reported from the Bullion Creek or Sentinel Butte Forma-
tions in North Dakota; and, therefore, its occurrence is noteworthy. 
Only one such bed was noted in the study area and it is quite limited in 
lateral extent, covering approximately 1 square mile (2.6 sq. km). 
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Figure 15. Outcrop of lower micrite layer of the Bullion Creek 
Formation illustrating massive, fractured, basal 
zone and flaggy upper zone. Dark regions in massive 
zone are coatings of drusy calcite. Thickness of 
deposit, 4.2 feet (1.7 m). Location 145-102-3BAA. 
.. 
54 
Figure 16. Photomicrographs illustrating structure and composition 
of lower micrite, Bullion Creek Formation. 
a) SEM photograph of 
Sample BC 3BAA-2. 
nations. 
lower micrite-layer sample. 
Vague horizontal zones are lami-
b) SEM photograph. Close-up of one lamination shown in 
16a. showing detrital constituents, quartz (Q), 
dolomite (D), biotite (B), plagioclase (P), calcite 
(C), and rutile (R). 
' ... 
• • 
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In outcrop, the biomicrite forms a well·indurated ledge between two 
ripple cross-laminated sandstones. The bed is approximately 12 inches 
(30 cm) thick and the color of the fresh rock is light olive gray (SY 
6/1). Figure 17 illustrates the wackestone fabric of the biomicrite 
lithology, with abundant gastropods and bivalves supported by a matrix 
of carbonate mud. The SEH photomicrograph in Figure 18a demonstrates a 
matrix in the biomicrite which is much more coarse than that of the 
micrite. A close·up photo (Fig. 18b) shows the minor amounts of detri-
tal quartz, dolomite, and pyrite admixed with the fossil and matrix 
constituents of the biomicrite. 
Lignite 
Lignite and other or-ganic- accumulations occur in both formations. 
Rapid dewatering or "slacking" in major lignite layers causes the 
exposed portion of the lignite to crumble, thereby allowing the overly· 
ing sediments to slump down over the top of the deposit (Fig. 19). This 
slumping has a tendency to obscure thinner lignites from view. The 
presence of these obscured lignite layers can usually be detected by the 
surface occurrence of the secondary sulfates, gypsum and jarosite, which 
commonly accompany lignite deposits. 
With the exception of the HT Butte lignite, which is the uppermost 
lignite in the Bullion Creek Formation, lignites in this formation 
within the study area, rarely exceed 6 inches (15 cm) in thickness and 
are discontinuous laterally. Host of the Bullion Creek lignites are 
less than 1 inch (2.5 cm) thick. 
The lignites of the Sentinel Butte Formation, however, seem to be 
thicker and, locally, more laterally continuous than their Bullion Creek 
Figure 17. 
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Photomicrograph of gastropod bivalve fish-scale 
biomicrite from the Bullion Creek Formation. 
Fossils indicated by (F). Sample BC 3BAA-Sa. 
crossed nicols. Base of photo represents 0.07 
(1.7 mm). 
25X, 
inch 
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Figure 18. Photomicrograph illustrating the structure and composi· 
tion of gastropod bivalve fish-scale biomicrite, 
Bullion Creek Formation, sample BC 3BAA-5a. 
a) SEM photograph of biomicrite (Fig. 15) illustrating 
coarse matrix of carbonate. 
b) SEM photograph. Close-up of 18a. showing an assort· 
ment of admixed detrital minerals: quartz (Q), 
dolomite (D), pyrite (P). 
a 
b 
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Figure 19. Lignite deposit (arrow) of the Sentinel Butte Forma-
tion (146-102-32DBB). Thickness of lignite is 1.5 
feet (0.5 m). 
l 
I 
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counterparts. The Sentinel Butte also seems to have fewer of the ligni-
tic laminae that are prevalent in the Bullion Creek. The average 
lignite-bed thickness in the Sentinel Butte within the study area is 
approximately 25 inches (64 cm). 
Interbeds 
Sequences of layers composed of alternating very thin beds of very 
fine grained sandstone and claystone or of alternating siltstone and 
claystone comprise a major portion of the Bullion Creek and Sentinel 
Butte Formations within the study area. In any given "interbed" 
sequence, the thickness of any individual bed rarely exceeds 3 to 4 
inches (7.5-10.0 cm) in thickness. The thickness of a bed of a particu-
lar lithology, as well, seems to be repeated, without great deviation 
over the entire sequence imparting a well-ordered or "rhythmic" appear-
ance to the sequence. 
These interbed sequences are readily identifiable in exposures of 
either formation. Bullion Creek interbeds display a varicolored surface 
with weakly-defined, horizontal, orange and brown streaks intermixed 
with gray. Fresh surfaces show well indurated claystone and poorly 
indurated siltstone or sandstone layers with a typical, overall uniform 
or "rhythlllic" repetition of beds. In the Sentinel Butte, weathered 
surfaces show individual beds defined clearly. Varicolored weathering 
surfaces, such as those seen in the Bullion Creek, are present in the 
Sentinel Butte, but uncommonly. 
OCCURRENCE OF LITHOTYPES 
Paleochannel Deposits 
Channel-fill sandstones are the most noticeable lithofacies present 
in the Bullion Creek and Sentinel Butte Formations and are the most 
easily identified. These sandstones occur as deposits filling four 
separate channel systems. Channel•fill deposits which display similar 
morphology, sedimentary structures, and organization of sedimentary 
structures are given a letter designation. 
Two channel systems, of similar morphology and structures, were 
found in the Bullion Creek; The lower system is designated "Al" and the 
the stratigraphically higher system, "A2". Channel system "B", at the 
base of the Sentinel Butte Formation, has a different channel morphology 
and a different organization of sedimentary structures within it. A 
third set of channel-fill deposits is located stratigraphically above 
system B. Although the deposits and morphology of these higher channels 
are similar, there are some differences between channels of this set. 
Moreover, it was not possible to determine that all of these upper chan-
nels occur at the same stratigraphic level. For the sake of organiza-
tion, however, this upper set will be referred to collectively as chan-
nel "system c" though, indeed, the channels may not belong to one 
interconnected system. 
Obtaining dimensions of the channels and channel-fill sandstones in 
the Bullion Creek and Sentinel Butte Formations is difficult because, 
with few exceptions, the only obvious dimension available was that of 
64 
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the thickness of channel-fill sandstones as, in most cases, only a part 
of the full channel width can be seen in outcrop--the rest of the chan-
nel was obscured or had been removed by erosion. Therefore, figures are 
given as estimates of channel width based on outcrops that seemed to 
represent most of a single channel. 
Much work has been done on the reconstruction of paleochannel 
dimensions and general paleohydraulics of channel systems as inferred, 
analytically, from present day systems. Ethridge and Schumm (1978) 
assessed the various calculations of previous workers used to define the 
hydrologic parameters (sinuosity, gradient, discharge, etc.) of paleo-
channel systems. The calculation of such parameters initially requires 
a knowledge of four variables (Ethridge and Schumm, 1978, p.705): bank-
full stream depth, bankfull stream width, the percentage of silt and 
clay in the channel_bed, and the percentage of silt and clay in the 
channel bank. They concluded (p. 707-708) that the calculations used to 
define hydrologic parameters are useful but that use of these calcula-
tions should be restricted in application to channels showing point-bar 
deposition. Not mentioned by these authors is an additional assuroption 
that the thickness of channel-fill sandstones is equal to the depth of 
the original channel; vertical aggradation was assumed by them to be 
less than or equal to lateral accretion. 
The effect of the preceding discussion is to exclude the channels 
of the Bullion Creek from any calculations as described by Ethridge and 
Schumm (1978) because of a lack of any discernible point bar accumula-
tions in the channel deposits and the lack of complete channel cross-
sections. Similarly, the channel deposits of the Sentinel Butte are 
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excluded from such calculations on the basis of a lack of complete chan-
nel cross-sections. The following is, therefore, simply a description 
of the channels and the channel-fill features as seen in outcrop. 
Channel Systems hl ~n_<! A2 
The sandstone deposits of channel systems Al and A2 were recognized 
in outcrop by three criteria: cross-sectional dimensions and shape, 
sedimentary structures, and grain size. The maximum width of channel-
fill sandstone deposits in these systems was 650 feet (198 m) with the 
minimum width 200 feet (61 m). Thickness of channel-fill sandstones 
ranged from approximately 25 feet to 60 feet (8 m to 12 m), 
Apparent channel shape is dependent on the orientation of the expo-
sure in relation to the channel (that is, oblique, flow-transverse, or 
flow-parallel cross sections); the channels are flat-bottomed with 
irregular, near-vertical, lateral margins. From the outcrop dimensions 
previously described, the channel-fill sandstones appear very thick and 
very narrow. 
The map-view geometry of a Bullion Creek channel system is shown in 
Figure 18, This is the uppermost channel system (A2) in the Bullion 
Creek within the study area; and, because of its occurrence at the 
surface as well as on vertical outcrops, it was easily traced. The 
channels of the Bullion Creek Formation, within the study area, are 
vertically "stacked"; that is, the occurrence of a channel deposit in a 
lower segment of the section is followed by a similarly situated channel 
deposit higher in the section. This channel "stacking" is so precise 
that the map-view pattern of channel system A2 (Fig. 18) duplicates, 
with only minor variation, the pattern of the lower channel system (Al). 
;:. 
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Figure 20. Plan•view pattern of channel system A2, Bullion 
Creek Formation. Rose diagram shows distribution of 
paleocurrents as inferred from primary sedimentary 
structures found in channel•fill sandstones. 
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This stacking is illustrated in the fence diagram of the Bullion Creek 
(Plate II). 
The sedimentary structures of the channel-fill sandstone deposits 
are varied. Structures resulting from unidirectional flow are perhaps 
the most important and the easiest to describe. The nomenclature used 
is from Harms and others (1982, p. 3.1-3.27). These structures are 
limited to one of three basic types: large-scale trough cross-stratifi-
cation, climbing-ripple cross-lamination, and planar lamination. 
Climbing-ripple cross-lamination is not the most abundant bedform 
found in the channel deposits but, because of preferential cementation 
and subsequent weathering, it is generally highly visible. Ripple marks 
on bedding plane surfaces were not seen in the study area. 
Most commonly, ripple cross-lamination is of the erosional-stoss 
type with flow-transverse cross-sections showing small, stacked troughs 
on the order of 0.5-0.75 inch (l.3-1.9 cm) in width. More rarely, depo-
sitional-stoss, climbing-ripple cross-lamination was observed (Fig. 
21a). 
The bulk of the Bullion Creek channel-fill sandstone deposits are 
composed of large-scale trough cross-stratification. These structures 
are not well exposed in the channels, except in a few localities where 
the sandstones containing the structures have been well cemented and 
subsequently weathered. Figure 21b shows one of these well-cemented 
bed-forms in a flow-parallel section. Bases of individual sets are 
erosional with set thicknesses ranging from approximately 2 feet to 3 
feet (0.6 m to 0.9 m). Coset thicknesses are variable. Large-scale 
troughs in flow-transverse sections are generally in the range of 3 feet 
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Figure 21. Flow structures from channel-fill sandstone depos-
its, Bullion Creek Formation. 
a) Depositional-stoss, climbing-ripple cross-lrunination 
in very fine-grained sandstone, system Al 
(145-102-ZBCB). Bottom to top of photo approxi· 
mately 8 inches (20 cm). 
b) Flow-parallel cross-section view of trough cross-
strata in fine-grained sandstone, system A2 
(146-102-35CBB). Base of photo to top of second 
crossbed set (arrow) approximately 6 feet (2 m). 
a 
~-· 
.... 
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to 4 feet (0.9 m to 1.2 m) wide. Flow-transverse sections were gener-
ally more visible than flow-parallel sections, for reasons unknown; and, 
in weakly-cemented sandstones (most channel exposures) even these flow-
transverse sections were poorly defined. Scraping or "shavingtt the 
surface of exposures of friable sandstones, instead of enhancing cross· 
bed detail, further obscured the strata. 
The third type of flow structure in the channel-fill sandstones of 
the Bullion Creek Formation is planar lamination, the origin of which is 
not clearly understood. There was no clear connection of this bedform 
with bedforms directly below and no evidence of parting lineation. 
Planar lamination, though not common in the channels, is by no means 
rare. Channel system A2 of the Bullion Creek has this bedform at its 
top (Fig. 22) in association with underlying, weakly-defined trough 
cross-strata. There· was a tendency for this channel, as well as the 
channels of system Al, to appear "flared" at this uppermost planar lami· 
nated layer, indicating a vertical widening of the channel. The 
planar-laminated sets were well-cemented and formed a distinctive "cap" 
on the channel deposit. The occurrence of this planar-laminated cap was 
not everywhere present in the upper channel, as in some places, the 
well-cemented cap showed bedding which was highly contorted or convo-
lute, 
In addition to primary sedimentary structures, two other features 
of the channels are noteworthy. First is the sparse occurrence of lag-
gravel de.posits. Generally composed of subround to rounded claystone 
clasts (Fig. 23) and, more rarely, fossil debris, the lag gravels are 
not present in every channel outcrop. Where th~y are present, they can 
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Figure 22. Planar lamination(?) in fine-grained sandstone at 
top of channel A2, Bullion Creek Formation. Indu-
rated ledge is approximately 2.0 feet (0.6 m) thick. 
(146-102-34ACD). 
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Figure 23. Subrounded claystone lag-gravel from channel A2, 
Bullion Creek Formation (146-102•27CA). Field of 
view in photo approximately 2.5 x 4.5 feet (0.8 xl.4 
m). 
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be quite abundant, forming discrete, discontinuous layers at several 
stratigraphic levels within a channel. The individual clasts range from 
less than 0.1 inch (0.3 cm) to greater than 3 inches (7.6 cm) in diame-
ter with the framework ranging from an open type, as shown in Figure 23, 
to a clast-supported fabric. 
The other notable feature is a deposit of interlaroinated siltstone 
and claystone within one channel outcrop (Fig. 24). The deposit is 
enclosed by the channel-fill sandstones on all but one side; the struc-
tures of the deposit preclude the possibility that deposition occurred 
subsequent to channel alluviation as laminae of the interbedded silt-
stone and claystone deposit terminate abruptly against channel-fill 
sandstones on three sides. A possible explanation is that an intrachan-
nel island has been preserved, although the precise origin of this 
deposit is unclear. 
Channel System! 
Channel system B occurs at the base of the Sentinel Butte Formation 
and overlies the HT Butte lignite. Scouring of the channel into the 
lignite is demonstrable in most exposures. This particular channel 
system occurs only at one stratigraphic level and is distinctly differ-
ent from the systems previously described. 
The coarseness of the channel-fill sandstones, the geometry, and 
the sedimentary structures, as well as the weathering patterns of the 
sandstones, are all distinctive of this channel system. The weathering 
pattern, which is perhaps the single most striking feature, is produced 
as water forms near-vertical rivulets in the poorly-cemented sandstones 
underlying a well-cemented "cap" rock. 
j ·~-~- "'' 
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Figure 24. Interlaminated siltstone-claystone "island" in chan-
nel system A2, Bullion Creek Formation 
(146-102-27CA) illustrating abrupt termination at 
top and left. Base of photo to top of "island" 
approximately 3 feet (1 m). 
1 
l 
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Figure 25 illustrates perhaps the best exposure of channel system B 
in the area. This outcrop demonstrates the basic elements of channel 
system B. The channel-fill sandstones of system B scarcely exceed 20 
feet (6 m) in thickness whereas the deposits exceed 700 feet (213 m) in 
width. 
Sedimentary structures within the deposits of system B of the 
Sentinel Butte include trough cross stratification and climbing-ripple 
cross-lamination as were noted in systems Al and A2 of the Bullion 
Creek. The structures of system Bare more clearly defined, however, 
and show an ordered sequence. In addition, tenuously-defined epsilon 
cross-stratification is present at the margins of channel deposits and 
planar lamination, as reported from systems Al and A2, is lacking. 
The lowest bedforms at the base of·the system are large-scale 
trough cross-strata (Fig. 26). These cross-strata are smaller in scale 
than those in the Bullion Creek, with individual sets on the order of 
1-2 feet (0.3·0.6 m) in thickness and trough widths rarely exceeding l 
foot (0.3 m). The details of these cross-strata are more visible than 
those of systems Al and A2 due in part to the presence of lignite detri-
tus (Fig. 27) and botryoidal aggregates of aragonite lining the troughs 
of these. 
Above this lower cross-stratified coset of the channel-fill sand-
stones is a well-cemented cap of erosional-stoss, climbing-ripple 
cross-lamination. Figure 28 shows both the lower, trough cross-strati-
fied coset and the upper, climbing-ripple coset. The latter is only 
approximately l foot (0.3 m) thick, implying that the bulk of the chan-
nel deposit is composed of the larger-scale structures. 
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Figure 25. Exposure of channel system B, Sentinel Butte Forma-
tion (145-102-4CAA) showing epsilon cross-strata (E) 
and channel fill (C). Base of channel exposure (C) 
to top of hill represents approximately 65 feet 
(19.8 m). 
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Figure 26. Trough cross-stratification in fine-medium grained 
sandstone, channel system B, Sentinel Butte Forma· 
tion (145·102-4CAA). Bottom to top of photo approx-
imately 8.0 feet (2.4 m). 
Figure 27. Detail of cross-strata, system B, Sentinel 
Butte Formation, (145-102·4CAA), showing dark, 
organic trough-linings and botryoidal aragonite 
(white spots). Aragonite clusters approxi· 
mately 0.5 inches (1.3 cm) in diameter. 
I 
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Figure 28. Organization of primary sedimentary structures, 
system B, Sentinel Butte Formation (145-102-4CAA). 
Trough cross-stratification (T) grades upward to 
climbing-ripple layer (R) and epsilon cross strata 
(E). Base of outcrop to top of climbing-ripple 
layer approximately 15 feet (4,6 m). 
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Epsilon cross-stratification, though not a part of the actual chan-
nel fill, is closely related to the channeling process and so will be 
discussed here. Allen (1963, p. 102-104) has defined epsilon cross-
stratification as large-scale structures lying discordantly on a lower 
erosion surface, with lithologically heterogeneous sets composed of 
interbeds of clayey silt and sand. In sections parallel to maximum dip 
direction, the bedding is either planar or, more commonly, convex-up-
ward. Reineck and Singh (1980, p. 308) further characterized epsilon 
cross-stratification as showing dip directions which are at right angles 
to the direction of fluvial transport. 
Bedding which is similar to epsilon cross-stratification occurs in 
association with channel system B, but differs from Allen's definition 
in that the laminae are concave-upward and do not demonstrably lie 
discordantly on an erosion surface. Figure 25 shows this stratification 
type in a flow-transverse section and illustrates the alternating layers 
of very fine-grained sandstone and ferruginous silty claystone arranged 
in concave-upward surfaces. This type of stratification, which will be 
termed epsilon cross-stratification despite the discrepancies with the 
definition, occurs at the margins of channels and overrides the upper 
part of the channel fill. The illustrated set (Fig. 25) has a thickness 
of approximately 15 feet (5 m). 
A feature associated with system Bis meander loop abandonment. 
Figures 29a and 29b show the upstream and downstream portions, respec-
tively, of an abandoned meander with coarser deposits upstream, fining 
downstream. The claystone plug (Fig. 29a) is a diagnostic feature of 
the abandonment. Figure 30 illustrates the map-view pattern of this 
abandoned channel and the main channel system. 
,··-~ 
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Figure 29. Ab1.1ndoned channel, system B, Sentinel Butte Forma-
tion. 
a) Upstream portion showing thick, claystone plug (C) 
above coarse material (146·102·33DBD). Height of 
outcrop approximately 30 feet (9 m). 
b) Downstream portion of same(?). Clay plug is thin· 
ner than that pictured in Fig. 29c. Plug is under-
lain by very thinnly interbedded sand· 
stone,siltstone, and claystone (146-102·33DDC). 
Height of outcrop approximately 35 feet (11 m). 
•. ;z,,_ : ':: . ·. . . . . . . 
~-.!l!;,,..-.,s,.,~_,.,,..,...,;l'.,.~~~...._.~~---.~ ·~- ~':-' "':·-- - '::."-..;. ,, ,... ' ~  
- -
a 
90 
Figure 30. Map-view pattern of channels stem B, Sentinel Butte 
Formation. Rose diagram shows distribution of 
paleocurrents as inferred fro primary sedimentary 
structures of channel deposits. 
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Channel §_ystem £ 
I 
I 
i 
I 
The third channel system (system C), located in ihe upper part of 
I 
the Sentinel Butte Formation within the study area, iJ of only limited 
distribution. Channels of this system consist almost !entirely of the 
I 
abandonment phase with few channel deposits preserved;\ the channels are 
on the order of 10-15 feet (3-5 m) thick and 30-40 feef (9-12 m) wide, 
with a clearly-defined trough-shaped base and flat topf Figure 31 
' illustrates one such deposit. 
Non-channel Deposits 
Whereas channel deposits are quite easy to recogn~ze in the field, 
in the non-channel deposits it is often quite difficul~ to distinguish 
I 
deposits formed by channel-related processes and deposi~s formed by 
lacustrine processes. Therefore, rather than attemptin~ to illustrate, 
individually, the deposits of these environments, this $ection will 
describe non-channel deposits collectively, discussing !a.ch lithotype 
and its characteristics. 
General 
From a distance, the appearance of the Bullion Creek Formation 
(Fig. 32) is somewhat illusory, giving the impression of! continuity of 
bedding. In fact, continuity of bedding, in many instan~es, is clear, 
but discontinuous outcrops make this difficult to demonsirate. In addi-
tion, channel deposits commonly disrupt the continuity oi bedding. 
I 
The non-channel deposits of the Sentinel Butte are iomewhat similar 
to those just described for the Bullion Creek. Figure 3~ illustrates 
the general appearance of Sentinel Butte non-channel stra~a. 
~stone Deposits 
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Figure 31. Abandoned channel and fill from ~ystem C, Sentinel 
Jlutte Formation (146-102-32DJJC). ! From base of chan-
nel (lower arrow) to f.irst near-torizontal stratum 
(top arrow) approximately 18 feer (5.5 m). 
! 

Figure 32. 
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Continuous appearance of strata 
Bullion Creek Formation looking 
northern half of sec. 4, T. 146 
~s seen in view of 
~-E' across the 
I R. 102 W. 
' 
Figure 33. 
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View of the Sentinel Butte stiata from central 
boundary of 146-102-32,33 to ~he southeast. Vegeta-
tion in foreground is on !IT B~tte lignite or 
clinker. : 
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Sandstone layers are generally discontinuous in he Bullion Creek 
and vary considerably in thickness, ranging from thin to very thickly 
bedded. The layers are tabular in shape; most layers show basal 
contacts that are sharp or gradational up from the un :erlying lithology. 
Erosional contacts of sandstone layers with the underlying lithology, as 
such, are not generally evident. 
Sedimentary structures in the sandstone layers o~ non-channel 
deposits of the Bullion Creek are of several varieties. First, and most 
prevalent, are massive, structureless accumulations. Second is erosion• 
al-stoss climbing-ripple cross-lamination, displaying variety of 
flow-transverse cross-sectional morphologies. The thi d variety of 
sedimentary structure is ripple cross-lamination of pr sumed interfer· 
ence origin, where no dominant flow-direction could be determined. 
Fin~lly, low-angle, bidirectional cross-stratification is present in a 
few layers (Fig. 34). 
Another structure, unrelated to flow, in some non channel sandstone 
layers of the Bullion Creek, is one presumed to be the! result of desic· 
cation (Fig. 35). The illustrated desiccation-cracked sandstone was 
found at the margin of a prominent channel outcrop in ~ystem Al. 
i 
Sandstone layers in the Sentinel Butte are tabula~ in appearance 
and seemingly laterally continuous; although, as is common for all the 
strata, discontinuous outcrops make demonstration of cbntinuity diffi· 
I 
cult. As in the Bullion Creek sandstones, the layers ange from thin to 
very thickly bedded. Bedding interfaces, as in the Bu lion Creek sand· 
stones, are sharp to gradational. 
100 
Figure 34. Bidirectional cross·stratification in sandstone 
layer, Bullion Creek Formation (145-102-lODAA), 
Skolithos (?) (S). Bottom to top of photo approxi· 
mately 2.5 feet (0.8 m). 
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Figure 35. Top (a) and side (b) views of desiccation cracks in 
calcareous sandstone, Bullion Creek Formation 
(145-102-ZBCB). Pencil is 6.5 inches (16.S cm) 
long. 
l 
\ 
l 
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A variety of sedimentary structures are present in the sandstone 
layers of the Sentinel Butte. As in the Bullion Creek, structureless, 
massive sandstones were the most common. The same types of flow-struc-
tures as were found in the Bullion Creek sandstones are present in the 
Sentinel Butte; in addition, parallel inclined-lamination (Fig. 36) and 
straight-crested symmetric ripple marks with associated climbing-ripple 
cross-sections (Fig. 37) are also present. 
In addition to these flow-related structures, a variety of other 
features occur. Among these are a variety of trace fossils and 
bedding-plane features interpreted to be bubble-sand structures (Fig. 
38) of the type reported by Reineck and Singh (1980, p. 66-67). 
Claystone Deposits 
The bulk of the Bullion Creek Formation is composed of thinly to 
thickly bedded claystone, with layers commonly separated only by ligni-
tic laminae or some subtle change such as difference in color. The 
pervasive gray colors of the clay layers may indicate anoxic (reducing) 
conditions at the time of deposition. 
Features associated with the claystones of the Bullion Creek are 
scattered occurrences of marcasite nodules ranging in diameter from 
0.25-4.0 inches (0.6-10.2 cm). These nodules are mostly spherical but 
other forms, principally elongate, subcylindrical masses also occur. 
The surface of these subcylindrical nodules is covered with botryoidal 
crystal masses imparting a knobby surface to the structures (Fig. 39). 
Nodules of this type are found on the surface of interbed layers, as 
Well. 
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Figure 36. Climbing-ripple cross-lamination (right) merging 
with parallel inclined-lamination (left), Sentinel 
Butte Formation (145-102·32DBC). Abundant lebens· 
spurren. Bottom to top of photo approximately 1.5 
feet (0.6 m). · 

107 
Figure 37. Symmetric, straight-crested ripples from the Senti· 
nel Butte (146-102-33BAD) in plan view (a) and 
cross-section (b). Cross section clearly illus-
trates symmetry and net forward aggradation. 
a 
b 
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Figure 38. Bubble-sand structure(?), Sentinel Butte Formation 
(145-102-SACA). 
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Figure 39. Iron-oxide stained, marcasite concretionary objects 
from the Bullion Creek Formation. 
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n,inly to thickly bedded claystones also occur throughout the 
Butte Formation and are seemingly continuous. Layers of this 
are much more common in the strata above channel system B. Aside 
the occurrence of marcasite nodules in these sediments, no other 
notable features occur. 
Limestone Deposits 
Limestone deposits are present at three levels in the Bullion Creek 
~ Formation within the study area and consist of two micrite layers and 
, one biomicrite layer. The micritic limestones occur as lenses, cropping 
the sides of interstream divides. Figure 40 illus-
,trates a typical isolated outcrop of this lithology. Despite the lack 
·of continuity between lenses, the lenses occur at definite stratigraphic 
, levels rather than scattered through the section. These levels, where 
:. present, are stratigraphically immediately below a channel system. The 
layer below channel system Al is reasonably thick (2-6 feet, 
0.6·1.8 m) and was easily traced. This lensoid layer is illustrated in 
, the panel diagram (Plate II) as the level of lowest limestone. The 
associated with channel system A2 is thinner than the lower 
and is much less continuous; therefore, although its occurrence 
noted, it was not represented in the panel diagram. 
A road-cut provided a fresh exposure of the micrite. The lenses at 
location (146-102·35CBD) form a "pinch-and-swell" layer, encased in 
The upper and lower bounding surfaces of the 
crite layer are sharply defined, although X-ray diffraction of the 
associated with the carbonate layer also indicates a high 
of carbonate material (Fig. 11). 
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Figure 40. Outcrop of lower micrite (arrow), Bullion Creek 
"Formation (145-102-JCAD). Outcrop approximately 3 
feet (1 m) thick. 
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The biomicrite is an entirely different type of deposit than the 
other micrite layers. The biomicrite, although thinner than the lowest 
micrite layer, occurs as a discrete unit. Apparently not as widespread 
laterally as the micrites, the northern and eastern extent of this unit 
are unknown. The most important feature of this limestone layer, aside 
from the abundance of fossil material, is its truncation by a channel. 
At a locality where this relationship could be seen, the biomicrite is 
abruptly truncated by erosion of a channel, indicating that the channel 
and non-channel strata at the same stratigraphic level were not contem-
poraneous. This would seem to indicate that channel down-cutting was an 
active process during Bullion Creek time. This relationship is illus-
trated by the upper carbonate in the panel diagram (Plate II). 
Deformation Features 
Penecontemporaneous deformation is present in both formations. The 
high clay content in the non-channel sediments of the Bullion Creek 
Formation was apparently conducive to the formation of at least one, 
large-scale, bank-failure structure (Fig. 41). The structure, at the 
margin of channel system Al in the Bullion Creek, has a single, 
concave-upward slipface with rotation of bedding probably not exceeding 
15 degrees; no internal deformation was noted. This structure is termed 
a rotational slump after the criteria offered by Laury (1971, p. 
1252-1253). 
Preserved bank-failure in the Sentinel Butte Formation is quite 
different owing, primarily, to the large amounts of coarser sediments 
comprising the Sentinel Butte. Figure 42 shows preserved failure in the 
vicinity of system Band demonstrates the original non-cohesiveness of 
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Figure 41. Preserved, rotational slump-block at the margin of 
channel system Al, Bullion Creek Formation 
(145·102·3AAD). Arrow indicates failure scar. 
Channel outcrop (C) is to the left of the failure. 
Base of outcrop (lower arrow) to peak approximately 
80 feet (24 m). 
Figure 42. Bank failure in the Sentinel Butte Formation 
showing numerous concave-upward slipfaces 
(145-102-SABD). Base of photo to top of struc· 
ture (arrow) approximately 12 feet (4 m). 
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the bank sediments. The feature is composed of numerous concave-upward 
failure surfaces and a high degree of internal deformation. Although 
the structure bears a gross resemblance to trough cross-stratification, 
it is distinguished as a slide phenomenon by its lithologic inhomogene-
ity, scale, and lateral aspects. As the structure is composed of alter-
nating layers of siltstone, claystone, and very fine-grained sandstone 
which, laterally, form horizontal strata, the structure is deemed defor-
mational rather than a primary flow structure. 
PALEONTOLOGY 
S:ipce paleontology was not the main thrust of this study, this 
sectio is intended only to review the fauna and flora found in the 
deposi In addition, a brief description of lebensspurren in the 
deposit, is offered. 
! 
Invertebrates and Vertebrates 
Invertebrate remains are coounon in claystone and interbed layers of 
the Bullion Creek Formation, whereas they seem rarer in the Sentinel 
Butte Formation. Preservation is poor except for specimens in clay-
stone. • The specimens in claystone are very well preserved and retain 
the original shell-color pattern in many cases. In spite of the poor 
preserv~tion of most invertebrate remains 1 a freshwater assemblage simi-
lar to fhat reported by Delimata (1969) is present, with the exception 
of the ~bsence of the bivalve Bicorbula from the study area. 
Ve tebrate faunal remains were present, for the most part, only in 
the Sen inel Butte Formation, except for isolated occurrences of fish 
scales ·n the Bullion Creek. Scattered bones and fragments were found 
at vari us levels in the Sentinel Butte, with an assemblage consisting 
of spec·mens of three species located at the base of a channel deposit 
within ystem C. This assemblage has been identified (David Steadman, 
U.S. Na ional Museum of Natural History, letter to the writer, December 
12, 198) as consisting of bones of an immature champsosaur, a tooth. 
from Le"d osuchus sp. and the plastron and assorted cranial fragments of 
120 
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the soft-,helled turtle, Trionyx sp. Figure 43 illustrates the major 
elements of this assemblage. 
I 
Flora 
Plantl, mostly higher vascular angiosperms, are represented 
throughout\the exposed interval of the two formations; their remains 
include letves, seeds, tree trunks and root systems. 
Plantjremains in the Bullion Creek are represented, for the most 
part, by rJot systems. In the claystone layers, many of these systems 
i 
show excel~ent preservation of the woody tissue--so much so, in fact, as 
'to make th, distinction between modern and ancient root systems quite 
difficult ip some cases. Root systems vary from fine-branching systems, 
such as seeh 
I 
in modern-day grasses, to large taproot systems with root 
diameters of 1-2 inches (2.5-5.1 cm). 
I In addftion to roots, twig-like structures, leaf impressions, and 
fruiting bo~ies are also present in the Bullion Creek. Twig-like struc-
tures are illustrated in Figure 44. Some woody texture is indicated; 
I 
although th1se have been subsequently replaced by marcasite which has 
obscured mu h of the detail. These objects are found scattered on the 
surface of several claystone and interbed layers. Fruiting bodies are 
restricted tb the arils of the deciduous tree, Cercidiphyllum sp. (Fig. 
45), and oc4'r as part of a lag gravel in channel system A2. Leaf 
impressions 'recur mostly in claystone and interbed layers; although the 
best example found was in a well-cemented sandstone layer (Fig. 46). 
The Sentinel Butte also has numerous occurrences of plant remains; 
the most coauron are silicified trunks and logs of large trees. For the 
,. 
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Figure 43: Vertebrate assemblage from the base of channel fill 
(system C), Sentinel Butte (145-102-32DBC). 
a) Partial reconstruction of plastron of soft-shelled 
turtle, Trionyx sp. (UND Paleo. Coll. No. 4400.). 
b) Humerus (top), fibula(?) (middle) and vertebrae 
(lower) of immature champsosaur (UND Paleo. Coll. 
No. 4401.). Lack of epiphysial ossification in the 
humerus indicates specimen is from an immature 
animal. 
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Figure 44. Twig•like structures composed of marcasite and hema· 
tite (UND Paleo. Coll. No. 4402.); these are possi-
bly replaced woody material. 
Figure 45. Preserved seed coats (arils) of Cercidiphyllum 
sp. (UND Paleo. Coll. No. 4403.) found as part 
of channel lag gravel, Bullion Creek Formation, 
system A2 (146-102-34DBD). 
'···· 
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Figure 46. Leaf mold from unidentified deciduous tree, found in 
calcareous sandstone, Bullion Creek Formation 
(146-102-34DBD). 
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most part, these occur at specific stratigraphic levels and consist of 
recumbent logs in various states·of preservation. Parallel or subparal· 
lel alignment of these logs is a possible indication of movement in 
unidirectional aqueous flow. Some stumps, in upright position (Fig. 47) 
and resting on organic layers, are suggestive of growth-position preser-
vation; although this interpretation is questionable owing to the non-
preservation of attached root systems. 
Leaf impressions are not uncO!lllllon in the Sentinel Butte and at one 
locality (Measured Section 19, Appendix B), the lowest interbed layer 
contained numerous impressions of leaves preserved on the surfaces of 
siltstone and claystone laminae (Fig. 48). The presence of preserved 
arils of Cercidiphyllum sp. in the Sentinel Butte is suggestive of a 
climate not dissimilar to that which prevailed during Bullion Creek 
time. 
The last plant fossil worthy of mention is the singular occurrence 
of a structure interpreted to be algal in origin (Fig. 49). Close exam-
ination not only revealed a coiled-spire habit but also an intricate 
boxwork of cells approximately 0.02 inches (0.1 cm) wide. This specimen 
was found in the upper part of the Sentinel Butte in what is interpreted 
as lacustrine deposits. 
Lebensspurren 
Lebensspurren, or trace fossils, are not present in great abundance 
in either unit and, in fact, most traces discussed in the Sentinel Butte 
come from a single horizon. Nonetheless, they perhaps have greater 
significance than body fossils in the interpretation of the deposits. 
,, 
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Figure 47. Silicified stump of unidentified tree, Sentinel 
Butte Formation 146·102·33DDC). Stump rests on 
organic layer giving appearance of "growth-position" 
preservation. Base to top of stump 2.7 feet (0.7 
m). 
Figure 48. Mold of a leaf from an unknown deciduous tree 
found on a bedding plane of claystone, Sentinel 
Butte Formation (146·102·33DDC). UNO Paleo. 
Coll. No. 4404. 

131 
Figure 49. Algal structure (UND Paleo. Coll. No. 4405.), _Senti-
nel Butte Formation (146-102-32CAA). 
a) Cobble found on surface of Sentinel Butte exposure 
illustrating coiled spire habit. 
b) Cross-section showing laminated internal structure. 
a 
.• 
• t l cm 
b 
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Most trace fossils within the study area would be classified as 
endogenic traces and, using the terminology of Seilacher (1953; from 
Hantzchel, 1975, p.W21), these traces can be ethologically classified as 
domichnia (dwelling traces) and possibly fodinichnia (feeding traces). 
Figure 50 shows lebensspurren on the surface of a calcareous 
mudstone from the upper part of the Bullion Creek. At first glance, the 
structures on the surface appear to be simple "worm" trails, but closer 
inspection shows that the "trails" actually pass through the surface of 
the sediment and thus should not be considered as exogenic traces. The 
small, raised, hemispherical areas are remnants of vertical burrows, 
while the elongate cylinders represent the horizontal aspect of the 
gallery. Preservation of these fodinichnia is reasonable evidence for a 
quiet-water setting, as strong current activity probably would destroy 
the fine detail of such traces. 
The only other traces found in the Bullion Creek were located in 
the upper parts of some sandstone layers. These traces consist of 
simple vertical tubes, approximately 0.1 inch (0.3 cm) in diameter and 
between 1 and 6 inches (2.5-15.2 cm) long. These traces are similar to 
§_kolithos sp. 
A locality in the Sentinel Butte Formation which provided lebens· 
spurren of several varieties is the same as figured in a previous 
section (Fig. 36). Figure 51 illustrates one of several of the most 
revealing domichnia from this locality. The specimen consists of a 
basal, ovoid domicile with a tube approximately 0.1 inch (0.3 cm) in 
diameter rising vertically for approximately 6 inches (15 cm) from the 
top of the domicile. With climbing-ripple cross-lamination and paral• 
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Figure 50. Lebensspurren on fine-grained calcareous sandstone 
(UND Paleo. Coll. 4406.), Bullion Creek Formation 
(146-l02-35Cl!B). 
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Figure SL Sketch of trace fossil 
Butte (145-102-32DBC). 
scale. 
seen in Fig. 36. Sentinel 
Drawn approximately to 
-
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lel·inclined lamination indicating active deposition of sediment and a 
lack of spreiten in the burrows themselves, a filter feeder is 
discounted as a probable resident of the structure. Rather, this is 
probably an insect•larva domicile with the vertical escape structure of 
the mature insect preserved. 
Another type of domicbnia (fodinichnia?), found in the same sand-
stone layer as the previously described trace, is illustrated in Figure 
52. This type of burrow structure is cylindrical, roughly 0.5 inch (1.3 
CJ!!) in diameter with only a slight swelling at the base providing 
evidence of a semi-permanent domicile. The exterior surface is marked 
by roughly ovoid pellets, slightly reminiscent of the trace fossil 9£!!.!-
omorpha, but lacking an internal wall. These burrows also apparently 
lack spreiten. The burrows are predominantly vertical but also are 
found as parallel to and at acute angles with the bedding surface. 
Although it cannot be demonstrated, the burrows may be branching, form-
ing an intricate gallery. 
The third type of domichnia from the same area is illustrated in 
Figure 53. The occurrence of this type of trace is rare and those 
figured were the only ones discovered. They are characterized by an 
arcuate path and length-parallel striae. This trace fossil is possibly 
an icbnospecies of the ichnogenus, Tigillites, and is perhaps the same 
as described in the preceding paragraph with aspects of preservation 
providing the seemingly different morphologic characteristics. 
';,. 
Figure 52. Trace fossils from two localities in the Sentinel 
Butte Formation: 146-102-32DBC (a), and 145-102-SDAA 
(b) Pencil is 6.5 inches (16.5 cm) long. 
- /<-
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Figure 53. Trace fossils (Tigil}ites sp. ?) showing length-par· 
allel striae and arcuate path, Sentinel Butte 
(145·102·32DBC). Possibly the same type of ichno· 
fossil as those illustrated in Figure 52. 
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DISCUSSION 
Environment of Deposition 
As mentioned previously, a variety of depositional environments 
have been proposed for the Bullion Creek and Sentinel Butte Formations 
in the past. The deposits of the Bullion Creek Formation have been 
variously ascribed to alluvial plain, lower delta plain, and lacustrine 
modes of deposition. Similar styles have been suggested for the Senti-
nel Butte differing only in interpretation as an upper, instead of a 
lower, delta plain environment. The following is a critical analysis of 
these models in comparison with the present data, followed by the 
proposed model for each formation. 
Bu.llion Creek Formation 
One of the more accepted depositional models is that of deposition 
by fluvial systems on an alluvial plain, Jacob (1973, p. 1047; 1976, p. 
20) proposed a meandering-river depositional environment for the Bullion 
_creek "tabular sandstonesn~ 
The essential elements of a meandering fluvial system are deposits 
resulting from vertical and lateral accretion. Lateral-accretion depos-
its are the resultant of forward and cross-channel migration of point 
bars and are characterized, in general, by fining of sediments and 
waning flow-regime features upward (Walker and Cant, 1979, p. 23-24). 
Though the actual deposits usually record much more complex arrange-
ments, lateral accretion can generally be demonstrated in deposits where 
143 
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this process was active. Allen (1964) demonstrated, for example, that 
lateral accretion was the process responsible for deposition of the 
coarse members in his six cyclothems of the Lower Devonian lower Old Red 
sandstone. 
As lateral accretion records deposition in the channel proper, 
vertical accretion accounts for the vertical accumulation of sediment on 
the floodplain. This accumulation is the result of flood-stage waters 
dropping sediment out of suspension, with coarser sediment deposited 
first, along t.he margins of the channel, and increasingly finer sedi· 
ments deposited away from the channel margins (Walker and Cant, 1979, p. 
24). The resulting deposits are coarser, cross-bedded materials near 
channel margins (p. 24) and distal accumulations of clay. These verti· 
cal accumulations of coarse sediments are called natural levees and, 
because they occur on the concave banks, these deposits have an inher· 
ently low preservation potential (Collinson, 1978, p. 38). Noteworthy 
features related to natural levees are crevasse-splays, which occur as 
the levee is breached by flood waters. The resultant deposit is an 
apron of coarser sediment with scoured bottom, grading laterally into 
finer-grained sediments. 
Numerous criteria have been used for the recognition in the rock 
record of deposits formed on an alluvial plain by meandering river 
systems, but, according to Jackson (1978~ p. 568), the only "broadly 
valid and meaningful" criteria are those which encompass gradient, bank 
stability, and the presence of exhumed meander belts or swell·and·swale 
topography. This statement comes from his questioning of the preserva• 
tion potential of "model" sequences and he alludes to the idea that 
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Holocene streams record only a thin veneer of sediment, with future 
changes resulting, quite possibly, in obliteration of the presently 
observed lithofacies in the alluvial valley. There are, however, prob-
lems, recognized by Jackson, associated with these criteria. 
The work of Leopold and Wolman (1957) showed that a relationship 
exists between the gradient and discharge of a fluvial system such that 
a plot (p. 59) of these two variables demonstrates clear separation of 
meandering and braided morphologies. However, a knowledge of the gradi-
ent does not aid in the definition of ancient sequences if the discharge 
is unknown, as a wide range of overlapping gradients exists for various 
channel morphologies. 
Swell and swale topography is a good indication of channel migra-
tion, recording successive lateral movements on the land surface. Jack-
son (1978) found, however, that lateral movements of this type are found 
in both high- and low-sinuosity systems as well as "ansstamosed" 
systems. As a single identifying criterion, therefore, exhumed meander 
belts are not entirely reliable. 
Bank stability, as a criterion, is probably the most reliable. In 
order for the active channels to erode and migrate laterally, the banks 
must be somewhat unstable, containing large quantities of coarse sedi-
ments. 
It is clear from the preceding discussion that the reliance on a 
specific criterion for determination of meandering fluvial systems is 
impractical and the interpretation of such systems should, therefore, be 
based on the presence or absence of all three of the criteria of Jackson 
(1978) mentioned above, as well as evidence of lateral and vertical 
secretion processes in the channel and overbank deposits, respectively. 
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The strata of the area studied demonstrate none of the 
characteristics of the meandering fluvial model. The quantity of clay 
included in the original sediments indicates that the banks were quite 
stable. This interpretation is supported by the presence of the 
preserved, rotational-slump block at the margin of channel system Al 
(Fig. 39). Laury (1971, p. 1256) demonstrated that slump deposits, of 
the variety described here, are essentially restricted to bank deposits 
containing high proportions of clay and clayey silt. Sediments of this 
type would not allow any extensive lateral mobility in channeling. The 
narrow channel outcrop widths indicate that lateral movement of channels 
during Bullion Creek time was severely limited. This channel stability 
would account for the lack of abandoned channels in the strata; neck and 
chute cut-offs such as described by Walker and Cant (1979, p. 25) were 
not observed within the confines of the study area. 
Lateral accretion would also be affected by cohesive bank sedi-
ments. With the channel unable to erode laterally effectively, migra· 
tion of point bars would be severely restricted. 
Further, deep scour of the channels into the substratum is indi-
cated by the truncation of bedding at channel margins. In addition, the 
distance between the first horizontal stratum above the rotational slump 
block (Fig. 41) and the top of the channel-fill sandstones, demonstrates 
the height of the channel margin above the level of the channel-fill and 
therefore, the probable restriction of overbank sedimentation. Intense 
flooding would be required to deposit sediment over the high banks of 
these deeply-incised streams. Deep incision of channels in the Bullion 
Creek Formation has been documented in the Medora area by Jacob (1973, 
p. 1044). Of the channels, he observed they were originally scoured 
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n • • deeply into the surrounding sediment, • cO!lllllonly extending 
downward to a lignite bed that apparently served as a resistant bed 
below which the channel could not erode." A lack of recognizable 
crevasse splay, natural levee, and topstratum deposits in the present 
study area further indicates that Bullion Creek channel processes were 
not like those observed in modern meandering river systems. 
Lignite accumulation is also problematical. It has been suggested 
in the past that thick lignite deposits can be accumulated within the 
backswamps associated with meandering fluvial systems (Flores and 
Ethridge, 1981, p. 9). Jacob (1973, p. 1049), in particular, proposed 
this mode of formation for lignites in the "Tongue River Formation" 
(Bullion Creek Formation of this report). In this model, the antici-
pated product, as recorded in the rock record, would be the occurrence 
of lignite at the same stratigraphic level as channel fills. This is 
documented neither in the study area nor in Jacob's work. Instead, the 
panel diagram of Jacob (1973, p. 1049) shows lignites as occurring stra-
tigraphically above and below, or truncated by, major channel systems. 
Thus, the lignites appear to have formed independently of channel 
processes. In addition, a backswamp origin for the lignites would be 
expected to show clay and silt partings from flood episodes in adjacent 
channels. The only thick lignite in the Bullion Creek within the study 
area, the HT Butte lignite, shows no such evidence of elastic influx. 
In summary, the preceding arguments seem to eliminate the meander-
ing river as a possible model for Bullion Creek deposition in the study 
area. 
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Another alluvial plain model was given by Wallick (1983) who 
proposed that deposition of the Bullion Creek had taken place in an 
anastamosed river system of the type described by Smith and Smith (1980) 
and Smith and Putnam (1980). A similar mode of deposition has also been 
suggested for the upper part of the Tongue River Member of the Fort 
Union Formation in the Powder River Basin (Hanley and Flores, 1982). 
The anastamosed river model as proposed by Smith and Smith (1980, 
p. 163) calls for net vertical accumulations of sediment with little or 
no lateral-accretion deposition. Channels in this model are character-
ized (Smith and Putnam, 1980, p. 1402-1403) as multiple, interconnected 
systems of low gradient with the resultant-deposits composed of stacked, 
multistoried, coarse channel fills with narrow widths and great vertical 
thicknesses. Natural levee and crevasse-splay deposits are associated 
with the near-channel overbank. Overbank deposits are dominated by 
clays and clayey silts with abundant wetlands in the interchannel areas. 
Lake and peat deposits are associated with the wetland areas. Smith and 
Smith (1980, p. 161) considered the overall system to be rapidly aggrad-
ing. Figure 54 illustrates the surface expression and generalized 
expected lithologic associations of this type of system. 
The most useful aspect of the studies by Smith and Smith (1980) and 
Smith and Putnam (1980) was the theory developed to explain the occur-
rence of such deposits. These studies both call for control by the 
elevation of base level in the downstream area producing a "backwater" 
effect in the anastamosed reach. Smith and Putnam further submitted (p. 
1403) that similar effects might be produced in an intermontane valley 
floodplain, a subsiding depositional basin, or a subsiding intracratonic 
•· 
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Figure 54. Generalized block diagram illustrating the elements 
of the anastamosed fluvinl system (after Smith and 
Smith, 1980). 
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,depression setting, with results similar to those of elevating base-
le,;el. 
Royse (1967b, p. 18-20) and Winczewski (1982, p. 61-63) both raised 
the possibility of subsidence of the Williston Basin during the Paleo-
cene. Royse has indicated a thickening of the strata toward the central 
portion of the basin but admitted that such edgeward thinning in the 
sentinel Butte might be the result of Eocene and Oligocene erosion 
rather than a response to existing structure. The data for both units 
were gathered primarily on the western flanks of the present-day struc-
ture. The e,;idence of Winczewski (1982) contradicts, to some extent, 
the evidence of Royse. Winczewski also reported a thickening in both 
units; but whereas Royse implied that basin configuration during the 
Paleocene was similar to that seen today, Winczewski suggested that the 
reported thicknesses indicated differential subsidence in a basin of 
slightly different configuration. He reported that the southwestern 
portion of the basin was subsiding faster than the rest of the struc-
ture, as indicated by the recorded thicknesses. Further e,;idence of 
basin subsidence was supplied by the thinning or thickening character of 
"traceable" lignite horizons across internal basin structures such as 
the Nesson anticline. 
The e,;idence, as implied by both authors, might suggest subsidence 
of the basin during deposition of the interval. The scant observations 
of Royse and the dubious correlation techniques of Winczewski, however, 
still leave the question of subsidence open. If the basin was, in fact, 
subsiding, then the anastomosed river model may well be valid. In fact, 
many features of the Bullion Creek strata are suggestive of an anasta-
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"'°sed river mode of deposition. As in the model of Smith and Putnam, 
the channel deposits of the Bullion Creek Formation are multistoried and 
stacked, laterally restricted, and demonstrate a net vertical aggrada-
tion. Likewise, deposition in the non-channel areas seems to be domi-
nated by wetland processes, producing thin lignites, claystones, and 
limestones from deposition in peat bogs, floodponds, and lakes, respec-
tively. Nevertheless, problems exist with this interpretation. 
The channels of the Bullion Creek in the study area do not seem to 
have aggraded rapidly. Allen (1962, p. 693) has said of channels in the 
Lower Devonian Abdon and Woodbank series that" the persistence of 
intraformational detritus far above the [basal] conglomerate which marks 
its [the channel's] introduction also establishes the great extent of 
reworking, and a concomitantly low rate of permanent aggradation." The 
channels of the Bullion Creek contain lag gravels at various levels 
within the fill which leads to the hypothesis that Bullion Creek chan-
nels were of similar character as those described by Allen. If this be 
true, then a conflict exists between the rapidly aggrading anastamosed 
fluvial channel model and slowly aggrading Bullion Creek channels. The 
lack of clearly definable crevasse-splay and natural levee deposits 
associated with channel margins makes it doubtful that an anastamosed 
system was responsible for the whole of the channeling of the Bullion 
Creek. In addition, Smith and Putnam (1980, p. 163) recognized that the 
anastamosed reaches are probably geologically short-lived with chl!llges 
in fluvial style anticipated as downstream control undergoes further 
change. Still, the model is useful if it is considered as a segment of 
the history of the Bullion Creek channels rather than the sole agent of 
channel formation. 
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Jacob has proposed both lacustrine deltaic (1973) and marine 
deltaic (1976) modes of deposition for the "Tongue River Formation". 
The models for active delta progradation are highly varied, and are a 
function of many variables. To discuss all these models in detail is 
beyond the scope of this work. Indeed, even the type of delta cited as 
a possibility, the high-constructive, fluvially-dominated type, as 
suggested by Jacob (1976, p. 20) for deposition of the "Tongue River" is 
highly complex and so only generalities are offered here. 
The channel and overbank deposits of a fluvially-dominated delta 
are closely related to both alluvial models previously described. The 
criteria for the anastamosing fluvial model, as given by Smith and 
Putnam (1980, p. 1403), show that the deposits of the lower delta-plain 
differ from an anastamosed system only in the association with lacust-
rine or marine deposits, the type of flora and fa~na, and the presence 
or absence of paralic sands. Elliot (1978, p. 104) stated, however, 
that the low width/depth ratio of delta distributaries, cited by Smith 
and Putnam as being similar in both cases, is not the result of rapid 
vertical aggradation but rather is due to rapid avulsion; thus, the 
short channel life leads to the low ratio. Other than the frequent 
avulsion, Elliot (p. 103) cites the effect of basin processes on the 
distal reaches of channels as distinguishing them from other fluvial 
processes. Aside from these, he found no differences between the mean-
dering river channel processes and the delta distributary channel 
processes. The interchannel environments of the fluvially dominated 
delta, on the other hand, are dominated by wetland processes and, thus, 
are distinct from classic meandering fluvial models and are similar to 
the anastamosed model. 
l ' 
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The only other noteworthy feature of the fluvially-dominated delta 
is the abandonment phase of delta progradation. Even in actively 
prograding deltas (fluvial·dominated), lobes of the delta which have 
become inactive due to avulsion of the main channel are subject to 
subsidence due to compaction and subsequent incursion by marine 
processes. While marine sediments are thin by comparison with the 
thicknesses of the prograding•lobe sediments (Elliot, 1978, p. 129), 
they nonetheless exist. More than not, ancient sequences demonstrate 
this abandonment by the occurrence in the section of a marine fauna. An 
example of this occurs in the Pennsylvanian Conemaugh Group where Morton 
and Donaldson (1978, p. 779) defined the abandonment or destructive 
phase of the interpreted delta deposits by the presence of a 15·45 cm 
sandy limestone or calcareous sandstone layer with abundant crinoids, 
bryozoans, and brachiopods. Such marine layers are absent in the study 
area. 
Lacustrine deltas are difficult to assess in terms of expected 
properties because of the variable sizes of fluvial systems which are 
associated with them (Visher, 1965, p. 57). The type referred to by 
Jacob (1973, p. 1050) was a high-constructive type, so this is the one 
which will be discussed. 
These high-constructive types are of necessity fluvial·dominated 
because of the general lack of influence of the lake basin on the 
outbuilding delta (Visher, 1965, p. 57; Collinson, 1978, p. 65). Aside 
from this aspect, and the possible scale differences, the processes 
should be essentially the same as those described for marine basins. 
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The problems associated with the marine delta model as applied to 
the Bullion Creek strata are similar to those already mentioned in asso-
ciation with the previously discussed alluvial models, specifically the 
lack of crevasse splay and natural levee deposits. In addition, a prob-
lem exists with the short-lived aspect of the deltaic distributary chan-
nel in comparison to the apparently relatively long-lived, slowly 
aggrading channel systems of the Bullion Creek. As previously 
mentioned, the lack of rapid avulsion or channel switching in the depos-
its also suggests that stability was an important characteristic of the 
Bullion Creek channels. Moreover, the total lack of marine fauna and of 
any evidence of intertonguing of marine and continental deposits in the 
study area makes this interpretation questionable. 
This is not necessarily the case with the lacustrine delta inter· 
pretation. The presence of widespread carbonate layers has already been 
suggested as an indication of lacustrine influence; and, as stated 
previously, it is doubtful that these deposits are the sole remnant of 
lake deposition during Bullion Creek time. No lakes of sizable extent 
are known whose sole depositional remnant is that of carbonate materi· 
als, with the exception of lakes which have carbonate terranes supplying 
the only detrital fills. The inclusion of the micrite lenses within 
homogeneous lithologic layers suggests that this enclosing sediment was 
deposited penecontemporaneously with the carbonate. However, the prob-
lems mentioned in association with the channels of a marine delta (lack 
of crevasse splay and levee deposits; lack of rapid avulsion or channel 
switching and abandonment) would also be applicable to a lacustrine 
delta. 
K'( 
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As previously noted, subsidence of the Williston Basin during 
Bullion Creek and Sentinel Butte time has been suggested by workers in 
the past. Evidence provided by these workers is tenuous and, as subsur-
face differentiation of the two formations is not feasible (despite the 
claims of Jacob, 1975) it has not been conclusively demonstrated that 
the basin was, indeed, subsiding. Nevertheless, subsidence of the basin 
is indicated throughout its history and, therefore, subsidence during 
the time of deposition of the interval cannot be ruled out. Proposed 
depositional models should, therefore, allow for the influence of such a 
process. 
The channeling may well reflect possible subsidence. Clearly, the 
channels of the Bullion Creek are deeply incised into the surrounding 
sediments. This may indicate considerable lowering of base level. The 
narrow width of the channels is an indication that such a lowering of 
base level may have been accomplished in a short period of time. Local 
or regional subsidence might well account for this base-level change. 
If subsidence of the Williston Basin was occurring during deposition of 
the Bullion Creek and Sentinel Butte, one of three general situations 
could be predicted. First, if subsidence exceeds sediment supply, an 
outlet for the waters provided by fluvial systems will be lacking, save 
by evaporation and absorption. Local, or perhaps regional lacustrine 
settings would be the expected product of such situations. Second, if 
basin subsidence equals the sedimentation rate, extensive wetlands 
coupled with fluvial systems and emergent deposits should form. Third, 
if basin subsidence is exceeded by sedimentation, a "flow-through" or 
highland fluvial system would probably develop. In actuality, this 
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two-component (subsidence vs. sediment supply) system is highly simpli-
fied and the actual situation is more complex. This does, however, 
provide a simple framework on which a logical depositional model can be 
developed. 
General basin subsidence has been cited by Picard and High (1968a, 
p. 382) as a possible cause for base-level control of channeling in the 
Green River Formation. The main motive force for the fluvial-lacustrine 
cycles and base-level shifts in the Green River, however, was indicated 
by Picard and High (p. 381-382) to be probably climatic. Local changes 
in lake levels due to drought, or some other similar circumstance, 
produce fluvial responses similar to overall basin subsidence. This is, 
therefore, a logical alternative to overall subsidence in the Williston 
Basin, with base-level shifts occurring in response to local, lake-level 
variation. 
Channels appear to be two-stage in their overall development; the 
initial stage consisted of deep erosion into the existing strata, and 
this stage was followed by a second stage of alluviation. These 
processes were probably the result of an initial lowering of base level, 
causing the erosion, with alluviation, the product of steady, base-level 
rise. Lag gravels within the channels represent periodic fluctuations 
in flow or base-level. 
A strong lacustrine aspect of deposition is here proposed for most 
of the Bullion Creek strata in the study area. This idea is not new, as 
tbe possibility was raised both by Jacob (1973) and by Delimata (1969, 
p. 46). Although in the summary of their article on recognition of 
lacustrine sediments, Picard and High (1972, p. 140) stated that no 
• 
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individual criterion exists which defines lacustrine deposits, in the 
present work, several lines of evidence are followed to arrive at this 
interpretation. 
The first line of evidence is that the limestone deposits clearly 
represent lacustrine deposition. Picard (1957, p. 376•377) distin· 
guished between "fluvial" and lacustrine carbonates in the Green River 
Formation, but most of his observations are relative, comparing one form 
to the other, with no definitive criteria established. He (1957, p. 
376) also began with the qualifying statement that all limestones he 
examined were probably lacustrine in origin and that the problem is more 
one of scale than genesis. He suggested that the thinner, less continu· 
ous beds probably developed in floodponds associated with fluvial 
systems while the more widespread layers were associated with larger· 
scale lacustrine deposition. The "fluvial" limestones contained no 
dolomite or other elastic materials, and were unfossiliferous. 
This information, as it pertains to the present study, has limited 
utility, as the micrite and biomicrite layers show somewhat conflicting 
evidence. Both limestone types in the Bullion Creek contain significant 
amounts of dolomite and elastic material which Picard claimed as a 
feature of lacustrine limestones. The lack of fossils as a criterion 
for fluvial limestones is consistent with the micrites but not with the 
biomicrite. The lack of lateral continuity and lesser thicknesses of 
fluvial limestones is difficult to apply in the case of the Bullion 
Creek limestones. Evidence of large-scale lacustrine deposition must, 
therefore, come from the associations rather than the evidence from 
other studies. 
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The best evidence for the limestones having formed in an environ-
ment of deposition other than fluvial floodponds is their position rela-
tive to the channels. The micrite layers are always directly below the 
channel positions and, therefore, would seem to have formed indepen-
dently of channel processes. The biomicrite layer is at the level of 
channel A2; but, as it is truncated by a system which was probably non-
meandering, penecontemporaneity of the two lithofacies is doubtful. 
Further, the wide extent of the three limestone layers is evidence for 
larger-scale lakes. The micrites are present throughout the study area, 
constituting widespread horizons. The biomicrite did not seem so widely 
distributed, although its full extent was more difficult to determine 
because of the limitations of exposure. 
The claystone layers of the Bullion Creek are also believed to be 
predominantly lacustrine in origin. Shales formed by fluvial processes 
are thin as compared to those of lacustrine origin according to Picard 
(1957, p. 376). Subconchoidal fracture and high carbonate content of 
claystones, as well as accessory minerals, such as marcasite, were also 
cited by Picard as indicating lacustrine deposition. Although the 
carbonate content of all clays in the Bullion Creek is not known, both 
calcite and dolomite do occur in claystone of that formation. In addi-
tion, the abundance of marcasite and other iron minerals found with the 
claystone layers, and the dense nature of all the observed claystone 
layers in the Bullion Creek is suggestive of lacustrine deposition. 
Varving, as such, was not demonstrable in the clay layers although many 
were finely laminated, indicating quiet-water deposition. 
t 
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Structures of the non-channel sandstones also indicate a possible 
lacustrine origin. Low-angle cross-stratified and oscillation cross-la• 
m:inated sands are not generally associated with fluvial deposits, but 
rather are indicative of oscillatory water motion (Reineck and Singh, 
1980, p. 103, 107). Further, fluvial processes which would deposit 
massive sands are unknown; a setting below wave base is more probable. 
Erosional-stoss, climbing-ripple, cross-laminated sandstones have been 
previously ascribed to a fluvial origin by most authors, owing to the 
strong, aggradational appearance of these sandstones in cross-section, 
presumed asymmetry, and a lack of expected chevron internal structure. 
Though these sandstones might certainly represent fluvial transport, it 
has been suggested by Picard and High (1972, p. 126) that asymmetry and 
net-forward aggradation are not restricted to fluvial depositional envi• 
ronments. Harms and.others (1982, p. 3.28) stated that climbing ripples 
(erosional-stoss type) are the most commonly formed structures produced 
by oscillatory fluid motion. Further, Picard and High (1968b, p. 412) 
found that aggradational, asymmetric ripples were the most common flow 
structures present in the shallow-marine sandstones of the Triassic Red 
Peak Formation of Wyoming. It is of further interest to note Royse's 
indication that xi cross-stratification was the most eommon primary 
structure noted by him in "Tongue River" strata. He stated (p. 205) 
that ". . a fluvial origin for this structure is considered beyond 
question". By his own admission, however, no examples of this type of 
stratification are known in modern alluvial environments. Allen (1963, 
p. 108) had no definitive answers for the origins of these structures 
but suggested that beach settings are highly li\ely. This would seem to 
strengthen the lacustrine interpretation. 
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The arguments presented neither support nor deny that non-channel 
sandstones were lacustrine in origin, but rather confirm the possibil· 
itY· Picard and High (1970, p. 29) have demonstrated that paleocurrent 
directions produced by wave motion should show onshore directions as 
opposed to the offshore directions of fluvial systems. The rose 
diagrams in Figure 55 demonstrate the contrast between paleocurrent 
directions from fluvial trough cross-strata with associated ripple 
cross-lamination (Fig. 55a) to the directions from measurements taken 
from several non-channel structures within section 3, T. 145 N., R.102 
~- and measurements taken during section descriptions (Fig. 55b). The 
bimodal distribution of paleocurrents (Fig. 56) is striking although 
inconclusive. Picard and High (1970, p. 28) have also indicated that 
divergence from unimodal flow can occur in fluvial systems, such as seen 
in modern ephemeral streams, and they urge caution in the use of small· 
scale ripple-lamination for such interpretations. 
The paleontologic evidence is inconclusive, although Delimata 
(1969) found it sufficient for a lacustrine interpretation. Further 
evidence beyond that provided by Delimata is the general lack of fossils 
associated with channel sands, the excellent preservation of clay-
encased fossils, and the general abundance of fossils in association 
with the clay and interbed layers. 
Plant materials are indicative of neither fluvial nor lacustrine 
settings but the fact that leaves are preserved intact, in most cases, 
suggests that they were deposited in quiet water. Twenhofel (1961, p. 
163) suggested that leaves deposited in alluvial settings demonstrate 
frayed edges, broken tips, and general mutilation. 
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Figure 55. Rose diagrams with plots of mean and standard devia-
tion from the Bullion Creek Formation for (a) paleo-
current measurements from channel outcrops and (b) 
all other measurements exclusive of channel data. 
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Trace fossils, as well, are not positively indicative of alluvial 
or lacustrine deposits, as burrowing traces are common to both environ· 
ments. Bromley and Asgaard (1979, p. 75-76) found that burrows associ-
ated with sub-aerial settings, such as as floodplains, demonstrate 
sharply defined walls with striations (evidence of digging), a vuggy 
filling, and an association with mudcracks. Though these are probably 
not absolute rules for all terrestrial trace fossils, they provide a 
framework for interpretation. The trace fossils found in Bullion Creek 
sandstones do not exhibit the properties given; and, in addition, the 
fact that the traces are in sandstone indicatest at the very least, the 
presence of adequate moisture. Dry sand probably would lack sufficient 
cohesion to preserve the delicate structures. 
Thus, the evidence does not conclusively rule out an alluvial 
origin for the non-channel deposits, but lacustrine influence for much 
of the Bullion Creek seems more likely. Past interpretations of a domi· 
nantly fluvial origin for Bullion Creek sediments apparently arose from 
the authors' preoccupation with the channels and the invalid assumption 
that, because channels exist in the strataJ the remaining sediments must 
be channel-associated. 
Sentinel Butte Formation 
The lower channel system (B) is probably easiest to understand, as 
the separate environments of the system seem more clearly defined. 
Lateral accretion is easily demonstrated by the distinct decrease in 
flow regime and grain size upward through the channel-fill deposits. 
Wright (1959, Fig. 1, p. 611) suggested that epsilon cross·stratifica• 
tion is formed on the surfaces of point bars of meandering river systems 
165 
and records the lateral migration of the channel by successive layers in 
the cross-strata. However, numerous authors (for instance, Reineck and 
Singh, 1980; Jackson, 1978; Collinson, 1978) have reconnnended caution in 
using this stratification type for the definition of point-bar accumula-
tions. Indeed, Allen (1963, p. 104), in his definition of epsilon 
cross-stratification, stated that modern examples have been noted on 
muddy; intertidal flats but that no examples have been recorded in stud-
ies of modern point bars. 
Still, the organization of the channel-fill deposits, indicating 
waning flow and fining of sediments upward, is a strong indication of 
lateral accretion deposition. In addition, the abandoned channels found 
at the same stratigraphic level as system A2 suggest neck or chute cut· 
off as a process coincident with the formation of the main channel 
system. Though these abandoned channel outcrops (Fig. 29) may well 
represent the same channel, another possibility does exist. One inter-
pretation is that of neck cut·off with each of the illustrated channel 
fills showing an upstream, thick, claystone plug with underlying fine• 
grained sandstone and, downstream, interbedded sandstone, siltstone, and 
claystone. This described arrangement is common on meandering stream 
floodplains. The extreme lithologic and morphologic disparity between 
these particular closely spaced outcrops poses problems, however. An 
alternate interpretation is that these are similar but unrelated, with 
the outcrop in Figure 29a representing neck cut-off and that in 29b an 
unrelated abandonment. The type of stratification in the latter has 
been described by Allen (1963, p. 104-105) and termed eta cross-strati· 
fication. Allen indicated an intertidal affinity for this type of 
~ 
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strata with the geometry resulting from plugging of small channels by a 
mixture of tidal and fluvial action. It is unclear how such a feature 
would fit into the present interpretation. 
Regardless of the importance of the epsilon and eta cross-stratifi-
cation, a meandering fluvial model seems most applicable to systE!III B. 
Most workers have advocated this interpretation for the Sentinel Butte 
channels in other parts of the section (for instance Royse, 1967b; 
Jacob, 1976; Cherven, 1973), but in no other study area have these chan· 
nel-related structures been so clearly demonstrated. 
In the study area, vertical accretion deposits are not quite as 
clearly defined in the Sentinel Butte, however. This lack of definition 
arises largely from the non-availability of outcrops displaying both 
channel and non-channel sediments, making the lateral relationships 
difficult to see. There is some evidence, however, which suggests that, 
as in Bullion Creek channeling, all, or at least part of, the deposits 
bounding channel system B existed prior to channel formation. Concen-
trations of lignite grains were found in the sandstones of the channel· 
fill deposits. The source for these grains is probably the HT Butte 
lignite, into which the channel is scoured. This suggests that the 
channel scoured an already lithified HT Butte lignite. As it is 
unlikely that the lignite would lithify while exposed, it seems likely 
that, prior to channeling, strata were deposited over the lignite, the 
HT Butte lignite was lithified, and, later, incision into both the 
surrounding sediments and the HT Butte lignite took place. 
The origin of the remainder of the Sentinel Butte sediments is also 
problematic. The deposits are not dissimilar to those described by 
' ,- ': ·'"' "'¥ ' 
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previous workers (for example Jacob, 1976; Cherven, 1973; Johnson, 1973) 
who interpreted them to represent natural levee, crevasse splay, and 
floodbasin sediments. Within the boundaries of the study areas of these 
authors, the interpretation of vertical accretion to explain the depos-
its seems plausible, as there are demonstrable lateral relationships 
with corresponding channel systems. 
Two problems are associated with the application of this mode of 
deposition to sequences in the study area. The deposits appear to be 
similar to the ones described by previous authors with the exception 
that the channel syste1115 are not nearly, as prominent as those in their 
areas. The channels of system Care minor in comparison with the other 
systems noted. The lack of prominent channeling in association with the 
fining-upward sequences makes tenuous the interpretation of these depos-
its as vertical accretion products. Picard (1957, p. 376) has shown 
that, generally, lacustrine deposits are thicker and more continuous 
laterally than their fluvial counterparts. The thickness and apparent 
lateral continuity of bedding in the Sentinel Butte strata seem to 
require an interpretation other than by strictly fluvial processes. 
Transgressive lacustrine sedimentation could account for the same 
sequences, provided that the lakes were fairly widespread and shallow 
throughout their history. Some of the evidence seems to support this 
interpretation. Low-angle cross-stratification, trace fossils, bed 
thickness, and bed continuity, as in the Bullion Creek, might indicate 
that lacustrine influence was active in the area. The added presence of 
abundant marcasite nodules provides further evidence of lacustrine sedi-
mentation. 
new# 
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A lacustrine interpretation for part of the Sentinel Butte is not 
DeliJllata (1969) and Logan (1981) both suggested lacustrine deposi· 
tion, and Winczewski (1982, p. 68) agreed with the mixed, fluvial·la-
custrine interpretation of Logan. 
The problem with a lacustrine origin for the upper part of the 
sentinel Butte Formation in the study area is one of complexity of 
events necessary for the formation of the observed sequences. First, a 
lake basin is required. Slow filling of the basin by small "feeder" 
channels would produce advancing shoreline deposits capped by finer, 
quiet-water suspension sediments. Formation of the thick lignites, 
without extensive interbedding with elastic material, would require that 
a succession process such as described by Teichmuller and Teichmuller 
(1975, p. 15) occur. Figure 56 illustrates a stage of this process 
showing, for one particular floral assemblage, the distribution of 
lacustrine plants. This distribution implies the succession of strata 
of a lake infilled by continued slow in-filling by detrital and organic 
materials. This could only be accomplished by feeder channel avulsion 
where major channels are diverted from emptying into the lake at one 
location to begin the same process elsewhere. 
In conclusion) many aspects seem to point toward a lacustrine envi-
ronment in the Sentinel Butte with minor fluvial input. Channeling is 
an obvious feature of the fluvial environment, but the non-channel sedi-
ments, showing continuous, thick beds of varying lithology, indicate the 
necessity for an alternate interpretation to simple fluvial top-stratum 
sedimentation. 
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Figure 56. Lake succession illustrating successive stages of 
lake fill and associated stratification (after 
Teichmuller and Teichmuller, 197S) . 
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Provenance 
The source of the elastic sediments in the Bullion Creek and Senti-
nel Butte Formations cannot be precisely located due to the extent of 
the study area and, therefore, the implied limits of projection. In the 
past, the Black Hills have been cited by Steiner (1978, p. 78) as a 
probable source for the Sentinel Butte deposits. Winzcewski (1982, p. 
70·71) has cited the Powder River Basin as a possible source for the 
Paleocene sediments, being diverted into the Williston Basin around a 
topographically positive Cedar Creek anticline. Other authors have 
suggested the Rocky Mountains in western Montana as a likely source . 
• Paleocurrent information from this study (Fig.'52) and others (for 
instance Royse, 1967b, p. 112-120) indicates that the dominant flow 
directions of the Bullion Creek and Sentinel Butte channels were from 
the west and north. Regardless of the similarity between sand-grain 
type and Black Hills lithologies, the Black Hills and the Powder River 
Basin should be eliminated as possible sources for the following reason. 
Flow out of the south would require a near "u-turn" to divert flow to 
the directions actually seen in the Williston Basin. The suggestion 
that flow could be diverted in such a fashion around a positive Cedar 
Creek anticline is invalid, as Clement (1983, p. 1332) has demonstrated 
that the anticline was inactive during the Paleocene and that the latest 
pre-Paleocene activity was during Jurassic time. This would seem to 
preclude the the notion of a flow-diversion barrier. 
One northwest connection, generally unrecognized, is the Ravenscrag 
Formation of Saskatchewan and Alberta, Canada. In a sedimentologic and 
stratigraphic study of Upper Cretaceous and Paleocene strata, Carrigy 
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(1971) determined, through petrologic evidence coupled with paleocurrent 
data, that the Paleocene Paskapoo Formation is correlative with the 
Ravenscrag Formation, with sediments of the two formations derived from 
a projected source in the central region of British Columbia. Paleocur· 
rent data for the Ravenscrag Formation (Carrigy, 1971, p. 22) shows a 
dominant southwesterly trend, toward the Williston Basin. 
Only one sample from the Ravenscrag was cited for petrographic 
data, so no basis exists, thus far, for comparison with sample petrology 
from the Bullion Creek and Sentinel Butte Formations. Moreover, corre· 
lation of the Ravenscrag with equivalent units in North Dakota and 
Montana has not, as yet, been fully established. Still the Paskapoo-Ra· 
venscrag connection might be a remnant of the path taken by sediments of 
the present interval. Indeed, it seems more likely than the "u·turn" 
fluvial path offered.by past workers. 
The Rocky Mountains of Montana, however, should not be discounted 
as a possible source. Although dates for the major uplifts are not 
coincident with the timing of the Paleocene, the Laramide Orogeny was 
producing prolific source areas in western Montana; and these proposed 
uplands would be a logical source for the sediments of the Bullion Creek 
and Sentinel Butte Formations. 
The petrology of the Bullion Creek sandstones points toward no 
specific source. Jacob's (1973, p. 1044) suggestion of a carbonate 
terrane in the source area, accounting for the high percentage of 
calcite and dolomite grains is a questionable assumption for three 
reasons. 
·~ 
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First, the quantity of discernible carbonate grains in the sand-
stones is highly variable, ranging from as much as 41 percent to trace 
81110unts. This extreme range of values as compared to the low range of 
values of any other class illustrates the consistent nature of all 
mineral grains except carbonate. 
The second observation is the distance of the deposits from any 
significant carbonate sources. The Bighorn Mountains and, in general, 
the thrust belt of Montana and western Canada are the only possible 
sources of carbonate that might provide significant amounts of detrital 
calcite and dolomite. The distance of these sources from the study area 
seems to preclude significant contributions of carbonate materials. In 
the thin sections studied, rounding of the carbonate grains is not 
significantly different from that of other detrital grains. As noted by 
Pettijohn and others (1972, p. 47) the survival of carbonate grains 
during fluvial transport is low owing to the softness and cleavage in 
the minerals. Long distance transport by fluvial processes from the 
sources listed would likely lead to the demise of such grains and, at 
the least, would cause them to show a profound rounding. 
The final observation is with regard to the minor occurrences, in 
the detrital fraction, of polycrystalline anhedra. A source for the 
abundant grains of monocrystalline calcite and dolomite is unknown. The 
expected detrital grain from, for example, Mississippian carbonate 
source rock, would be polycrystalline with fossil materials occasionally 
preserved. The grains would probably be micritic. The rare occurrences 
of such grains in the Bullion Creek sandstones further illustrates the 
likelihood that the carbonate was not extrabasinal in origin. 
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Thus, it seems probable that the carbonate grains in the Bullion 
creek originated from accumulations within the basin of deposition, with 
intraformational reworking accounting for abraded margins. If this be 
true, the grains have no meaning in terms of the provenance of the bulk 
-~k The subtraction of the carbonate would leave a composition that r . 
resulted from a mixture of sedimentary, volcanic, and metamorphic 
sources of roughly equal proportions. The Sentinel Butte sandstones, on 
the other hand, display some prominent indications of source•rock type. 
The presence of oscillatory•zoned plagioclase and myrmekite strongly 
suggest a volcanic origin for at least part of the feldspar fraction 
(Pettijohn and others, 1972, p. 302). Further evidence of a volcanic 
source is the abundance (approximately 9 percent) of fine-grained 
volcanic rock fragments. The addition of a significant amount of sedi-
mentary rock fragments leads to the conclusion that the source for the 
Sentinel Butte sands included both a volcanic field and a sedimentary 
terrane. 
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Depositional History 
The interpretation of the Bullion Creek and Sentinel Butte Forma-
tions as fluvial-lacustrine cycles requires the presence, even if only 
locally, of lake basins reaching at least 25 feet in depth; this depth 
is the minimum necessary to produce the observed channel down-cutting 
and alluviation. This depth did not have to be maintained for the dura-
tion of the interval but only at specific times during deposition. 
According to Collinson (1978, p.61), the formation of long-lived, 
large-scale, lake basins requires: (1) an active tectonic area, or (2) a 
long-lasting sag in cratonic areas. Smaller-scale, rapidly filled lakes 
are viewed by Collinson as formed by climatic controls, damming, coastal 
processes, or cessation of sediment supply in a generally subsiding 
basin. The difference between long- versus short-lived and large-
versus small-scale is not entirely clear, however. 
Glacial and climatic controls can presumably be eliminated as a 
possible agent in the formation of the lake basins in the study area. 
Likewise, structural control, such as faulting, can also probably be 
eliminated (Clement, 1983, p. 1332). Though this argument is based on 
Clement's observations of activity on the Cedar Creek anticline, it 
serves as an indication of general structural quiescence during the 
Paleocene in the Williston Basin. This leaves basin subsidence as the 
agent of lake basin formation. 
If the thickness of the sedimentary column is an accurate reflec-
tion of the subsidence in a sedimentary basin, then the thickness of the 
Paleocene section in the Williston Basin demonstrates that subsidence 
was not only active, but was also significant. 
. 
. ~ 
176 
Source area uplift might, however, produce an effect similar to 
basin subsidence. With a sediment front prograding frOlll the uplifted 
source area toward the basin edge, thick accumulations of sediment could 
be deposited as the front then extended across the basin. The seeming 
lateral continuity of Tertiary strata from western North Dakota into 
central Montana suggest this as a possibility although the depositional 
environments proposed for the study area are not consistent with this 
interpretation. 
Armstrong (1978, p. 267) stated that Laramide orogenic activity in 
Idaho and Montana occurred through most of Paleocene time. Though 
Armstrong indicated that the Paleocene represented a quiescent period 
with respect to igneous activity, an isolated volcanic center in the 
Adel Mountains of Montana was active. The Sevier Orogeny prod~ced 
deformation by crustal shortening during this time with ductile folding 
and intense thrusting. These observations on the Laramide imply that 
source-area activity probably did have an effect, however unpredictable 
in extent and scale, on the style of sedimentation in the Williston 
Basin. 
Deposition of the Bullion Creek probably consisted of two distinct 
styles of sedimentation. Lacustrine processes were responsible for the 
majority of the strata in the study area and were long-lived events in 
comparison to the fluvial events. Overall, the pattern appears as a 
repetitive fluvial-lacustrine sequence . 
The controlling factor for these fluvial•lacustrine cycles was 
probably a combination of source area activity and basin subsidence 
with, in the case of Bullion Creek sedimentation, domination by subsi-
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dence. It is hypothesized that dominant control by source-area uplift 
would be reflected in the character of the sediment. Within the study 
area the only distinct petrographic change occurs at the contact between 
the Bullion Creek and Sentinel Butte Formations. Subsidence probably 
was not continuous for the interval of the two formations, but rather 
consisted of a series of pulses. As indicated by thicknesses of Paleo-
cene strata, the possibility exists that subsidence in the basin was 
significant. 
In the study area, the onset of deposition is represented by a 
lacustrine sequence of very fine grained sandstones, claystones, 
interbeds, and limestones probably deposited in an extensive, shallow 
lake basin (Fig. 57a). The regional extent of such a setting is not 
clear as the present area of investigation is restricted. The panel 
diagrams of Winczewski (1982) indicate that areas immediately to the 
south and east of the study area are dominated by lignite, claystone, 
and siltstone (his HT Butte interval). In addition, his map (p. 56) 
showing the distribution of limestone and limey elastics illustrates 
further the possibility of a regional lacustrine setting. Winczewski 
stated (p. 55) that, though the map shows the undifferentiated occur-
rences, most limestone is from the uppermost part of the Bullion Creek 
Formation. From these data, a lake basin of 2000 to as much as 8000 
square miles (5200-20,700 sq. km) is inferred, with deposits in the 
present study area representing marginal lacustrine deposition; these 
marginal deposits reflect the periodic rise and fall of the Paleocene 
lake level. Continuous deposition during this time led to the overall 
shallowing of this body of water. 
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Figure 57. Generalized block diagrams illustrating major events 
in deposition of Bullion Creek strata. a) initial 
lacustrine deposition. b) retreat of lakeshore 
accompanied by fluvial downcutting. c) readvance of 
lacustrine environment and rise of lake-level (see 
panel diagrams, Plates 2 and 3, for key to litho-
logic symbols). 
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Figure 57. (continued) d) second lake level retreat with accom· 
panying fluvial down-cutting. e) readvance of lake 
level. f) stagnation of shallowing lake with domi-
nance of organic sedimentation. 
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A fluvial event (Fig. 57b) followed this period of stable lacust· 
rine sedimentation. It is theorized that the motive force for fluvial 
initialization was subsidence which occurred as a series of pulses. An 
initial lowering of the central portion of the lacustrine area resulted 
in downcutting of fluvial systems along the lake margins. As the 
fluvial system stabilized, the erosional process ended and channel allu· 
viation began. Minor subsidence pulses or seasonal lake level fluctua-
tion during this period of channel alluviation saw minor intrachannel 
scour as lake level was temporarily lowered. The end of flu~ial 
processes was the result of an overall rising lake level and an advanc• 
ing lake margin. As the margin advanced over the study area, the chan-
nel processes ceased, leaving an incompletely filled alluvial valley. 
A period of stability followed in which lacustrine sedimentation 
again dominated in the study area (Fig. 57c). Though essentially the 
same as the lacustrine event previously described, at this stage there 
seems to be some suggestion of coarsening and shallowing upward with 
claystones d~minating the lowest part of the sequence and limey elas-
tics, biomicrite, and interbeds dominating the upper part. 
Renewed subsidence then caused the onset of a second fluvial cycle 
(Fig. 57d). As lacustrine processes probably did not fill the inundated 
alluvial valley of the first channel, the second channel followed this 
remnant swale, producing the stacking of the channel sequences. The 
second fluvial event consisted of essentially the same processes as the 
first. The inundation of the second channel system (Fig. 57e) was 
followed by a period of basin stability during which the existing lake 
underwent a gradual l:imnic succession. The end product of this succes· 
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sion was the swamp in which the HT Butte lignite (Fig. 57£) was depos-
ited. 
The introduction of Sentinel Butte sedimentation was probably 
accompanied by renewed subsidence but, as a distinct lithologic change 
occurred, it is likely that renewed uplift in the source area also had 
an effect on the overall sedimentation pattern. 
The initial phase (Fig. 58a) of sedimentation perhaps consisted of 
small-scale fluvial systems and near-shore lacustrine settings. The 
main channel system (B) likely developed as uplift continued to the west 
and possibly represents a small, prograding lacustrine delta (Fig. 58b). 
With coarse materials comprising the banks, downcutting and lateral 
movement were less inhibited allowing for the development of a low-sin· 
uosity, meandering channel system. 
Following the development of this major fluvial network, renewed 
subsidence (source area uplift) caused a mixture of shallow lacustrine 
(Fig. 58c), swamp (Fig. 58d) and minor fluvial environments. 
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Figure 58. Generalized block diagrams illustrating major events 
in deposition of Sentinel Butte strata: a) lacust-
rine processes dominate initially, followed by b) 
the formation of a large, low-sinuosity fluvial 
network (system B), later inundation by rising lake 
waters (c), and stagnation of lake (d). 

CONCLUSIONS 
1. Differences between sandstones in the Bullion Creek Formation and 
those in the Sentinel Butte Formation are subtle. Bullion Creek 
sandstones generally contain higher percentages of elastic carbonate 
while the Sentinel Butte seems to have higher percentages of rock 
fragments and plagioclase. 
2. Tite carbonate grains from the sandstones of both units are intraba-
sinally derived and reworked. 
3. Bullion Creek sediments were probably derived from a source to the 
west or northwest of the basin. 
4. Sentinel Butte sediments were probably derived from both volcanic 
and sedimentary sources west or northwest of the basin. 
5. Tite difference between the mineralogies is probably related to depo· 
sitional environment and tectonics. TI,.e Bullion Creek sandstones 
represent reworked sediments while the Sentinel Butte sandstones 
represent fresh detrital material derived from a reactivated source 
area. 
6. TI,.e Bullion Creek sediments were deposited in repetitive fluvial-la-
custrine environments. Bullion Creek fluvial cycles are represented 
by deep, narrow channels--a remnant of rapid erosion and subsequent 
aggradation. Lacustrine cycles are represe~ted by laterally contin-
uous of these lithologies. 
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7, Sentinel Butte deposition took place in dominantly shallow lacust-
rine environments with two fluvial events. The first Sentinel Butte 
fluvial event consisted of a low-sinuosity, meandering river system, 
possibly part of a lacustrine delta complex. The second event was 
marked by various small-scale channels, the origin of which is 
poorly understood. 
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APPENDICES 
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APPENDIX A 
Point-Count Data 
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. Explanation 
Q=quartz 
K=potassium feldspar 
P=plagioclase feldspar 
C=calcite and dolomite 
IRF=igneous rock fragments 
MRF=metamorphic rock fragments 
SRF=sedimentary rock fragments 
URF=unidentified rock fragments 
H=heavy minerals 
CAC=carbonate cement 
CCC=chert and chalcedony cement 
CMA=clay matrix 
HMA=hematite matrix 
n=number of points counted per slide 
~amelL! Nu. !/ K p C IR!' MJU' SRF URF ll CAC CCC CHA HMA n 
l,C.lCUA-3 29.4 0 JJ 0.2 19 .o 1.2 I. 8 9.4 0.0 o. 4 38.6 T o.u o.o 500 
oCJHAA-5 2!1. I! T O.b (;. 4 u.v 0.2 I.(, 0, 0 0.4 5 8. 4 1.6 0.8 o.o 500 
UCJ1>il.A-4 lci.2 T 0.4 ll .U 0.2 T 1.2 o.o T 56.6 1.4 o.o o.o 500 
l:ILJo,IA-1 :w .i.J o.o l.b 4.4 1.8 4.0 7.8 o.o 0.8 52.1 5.8 0.0 1.8 50 I 
llC)JAJJ-1 40 .2 0.8 LO 31. 7 3.6 1. 8 2.0 . 2. 8 T 0,4 1).1 2.0 o.o 498 
!!C34ACC-7 39.2 0.0 0.4 32, 1 0.2 1. 6 0.8 2.0 T 0.2 20.8 2.6 o.o 505 
llC34,\CC-5 34. 2 T u.4 30 .o 0.6 l. 4 ),2 1.4 T 2.6 20.8 5,4 o.o 500 
llLJ4CAD-3 34.U O.o 1.0 41.U o.o o.o 1.8 0.4 1.0 12. 4 7.4 0.4 o.o 500 
tlC34CAIJ-L 34.U T T 33.7 T 2.7 2.7 1. 7 o.o 0.0 22.0 o.o 3,3 300 
l!C3'.>CAL-3 3l.4 0 .o 0.8 2::;,4 3.2 1.6 5.2 I. 8 T l 7. 7 7 .6 4.2 o.o 497 
li(;35 Cllll-4 21.J O.b 1.8 2,u 3.6 4.2 4.8 3.8 0.2 47.U 5.0 5,0 T 498 
3-4 JJ.~ U.2 l.U 7.2 2.8 3,4 14.8 I). 0 0.8 2 3. 8 12.0 0.2 T 501 
J··IOA 30 .4 (). (J o. 3 14.2 1.0 l. 7 3.6 o.o 0.9 35 .6 10.6 I. 3 0.0 303 
3-IOC 31. !i O.J 0.3 19.0 1.0 1.0 I. 3 0 .o 0.5 14.0 31. 3 T 0.0 400 
3-9 28, u O.L 1.4. l&.O 0.4 3, 1 12. 8 o.o 0.2 I 7. 5 l 7. 5 0.2 o.o 510 
3-9ll 21.0 1.2 1.0 T 5.2 3.4 3.8 0.8 T 60.0 2.4 T 1.0 498 
3-~c 31.8 T I. 8 10, 4 1.6 3.2 6.4 1.0 0. () 35, O 7. 8 0.8 0.0 500 
3-91) 31.1! 1.0 I. 4 9.4 0.4 2.6 2.8 1.2 T 37,8 9.0 T 2.6 500 
J-91:: 40.6 0.8 1. 1 22.1 4.2 5 " . :, 6,3 4.4 T 5.5 8.2 T 1. 1 4 73 
SD3 llAA-7 30. 1 o.o 5.3 14.2 3.3 6.3 lJ. 9 o.o 3.7 o.o 18. 2 3.0 o.o 302 
S!l3hM-6 32.4 u.6 5.4 11. 2 3.4 6.0 lJ.6 o.o 1.2 'f 21. 4 4.8 0.0 500 
S!l4CAA-l )2.b 0.4 11. 7 1.8 21.G 4 .1 11. 3 o.o 0,4 o.o 4 • ') 11.1 o.o 487 
Sil4CAA-2 ]'.>.) (J. 2 lU .2 5.8 19.8 5.6 11.6 o.o 1.2 o.o 2.8 7.4 o.o 501 
Sii4CAA-3 21.3 o.u 3.4 J. 8 19.5 5. 4 17.7 2.0 2.0 [). () 6.2 18.7 o.o 502 
Sll 32 IJ!l !l-4 3U.4 3.0 4.4 7 .o ll. 8 9.0 6.8 3.8 0.2 o.o 21.2 5 .1, o.o 500 
S1l5 DAA-u 17,H T I. 4 0.8 1.0 1.2 3.4 3.8 I. 4 63.6 0.6 s.o o.o 500 
Sl:l50AA-5 36. 4 T 3.J IJ.9 J.3 2.. 4 9 .1 0.5 1.4 o.o 22.n 6.2 o.o 209 
~ll:,IJAA-4 ]5.7 o.u !i . 2 3.8 1.4 5 • (> 13. 7 2.8 2 .o o.o 25.8 4.2 o.o 504 
S!l.SIJAA-3 3U .4 o.u 3 .o 9.1 1.4 L6 10. 1 3.6 ).0 0 .() 28.4 9.7 o.o 507 
SJl51JAA-2 28.4 u.o 5.2 3.0 4.4 5.2 11.6 1.0 0.2 0.0 29.0 12.0 o.o 500 
S It, IJAA-1 41.l o.u 6.4 14.8 4.8 3.2 7.0 (J .o 0.4 (). 0 13.8 R.6 o.o 501 
~ll:,AJ,IJ-3 2~.2 2.0 5.2 4.0 l 7. I 7.4 11. I 2.4 0.8 o.o I'.>. I 5.6 o.o 497 
Sll:>AUJ-1 3o.2 o.o 2. 1 16.9 I. 7 2. I 4.4 ) .o 0.8 () .u 28.1 2.7 o.o 474 
"'<' .-,~ """'"' -·· '""""'~ . ..--.·- ·=-
(continued) 
S!132ACC-2 19 .ll 0.3 3 .o l. 7 3.3 4.7 2.3 6.3 0.3 56.0 2.3 0.3 o.o 300 Sli32ACC-3 36. 3 1.3 6.0 9.0 13.0 7.1 4.3 3.3 0.7 o.o 14. 7 T 3.7 300 S!IJZIJBB-2 22.8 0 .ll l'.6 2,8 7. ') 5 .o 2.2 5.2 0.8 40.9 4.6 4.6 o.o 504 Sli321JJlll-l 33.7 1. 3 2.7 15. 7 3.0 4.0 2.7 3.7 T 0.0 29.7 3.7 T 300 So331JIJC-3 36 .1 2.2 4.6 1.8 20.0 8.6 7.6 4.8 0.6 o.o 12.6 1.0 T 4\19 
•• ._ ,c-ca ,,..___.,,.,_,--
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Measured Section Data 
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Measured Section 1 
Section measured in Bullion Creek Formation, SE 1/4 NE 1/4 SW 1/4 
sec.34, T. 146 N., R. 102 W. Measured July 9, 1982, by B.P. Wallick. 
Total thickness of section, 57.9 feet. 
Unit 
13 
12 
11 
10 
9 
8 
7 
6 
5 
INTERBEDS, very fine-grained sand-
stone and claystone, structureless. 
Individual beds approximately 1 " 
thick. 
SANDSTONE, fine grained, poorly 
cemented with some well cemented 
zones. Massive to weakly laminated. 
Sample number BC 34CAD-3. 
CLAYSTONE, gray, well indurated, 
massive. 
SANDSTONE, fine grained, poorly 
cemented with some well cemented 
zones. Oscillation-ripple(?) 
cross-lamination with directions N 31 
E and S 31.W. Sample number BC 
34CAD-2. 
INTERBEDS, very fine-grained sand-
stone and siltstone, structureless. 
Siltstone is predominant lithology. 
Capped by thin layer of peat. 
LIMESTONE, micrite, highly fractured, 
unfossiliferous. Base is massive, 
becoming shaly upward. 
INTERBEDS, siltstone and claystone, 
upper half is shaly. 
CLAYSTONE, gray, well indurated, 
massive with conchoidal fracture. 
Becomes shaly and increasingly 
organic, upward. Layer of fossil 
debris within. 
INTERBEDS, very fine sandstone 
and claystone, structureless. 
Sparsely fossiliferous, capped by 
thin lignitic layer. 
Thickness 
in feet 
6.7 
2.7 
2.0 
4.2 
4.2 
3.3 
4.5 
4.2 
9.0 
Cumulative 
thickness 
57.9 
51.2 
48.5 
46.5 
42.3 
38.l 
34.8 
30.3 
26.1 
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Unit Thickness Cumulative 
in feet thickness 
4 CLAYSTONE, gray, well indurated, 3.8 17.1 
somewhat shaly. Sparsely fossilifer-
ous~ 
3 LIGNITE 0.1 13.3 
2 SANDSTONE, fine grained, 9.0 13.2 
unconsolidated, massive. Sample 
number BC 34CAD·l. 
1 CLAYSTONE, red-brown, 
0 sticky", massive. 
nonindurated, 4.2 4.2 
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Measured Section 2 
Section measured in Bullion Creek Formation, SE 1/4, NE 1/4 sec.33, 
T. 145 N., R. 102 W. Measured August 14, 1982, by B.P. Wallick. Total 
thickness of section, 107.4 feet. 
Unit 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
HT BU'ITE CLINKER 
CLAYSTONE, gray, well indurated. 
Massive, with some weakly laminated 
zones. 
SANDSTONE, fine grained, poorly 
cemented with some well cemented 
zones. Skolithos(?), climbing-ripple 
cross-lamination with direction N 72 
E, N 21 E, and S 65 E. Sample number 
BC 33AD-2. 
COVERED 
CLAYSTONE, gray, well indurated, 
massive. Weathered surface has a 
"popcorn" appearance. Locally exten-
sive and traceable. 
SANDSTONE, very fine grained, 
unconsolidated, massive. 
CLAYSTONE, gray, as above, forming 
a distinctive horizon. Capped by a 
thin lignitic layer. 
INTERBEDS, very fine-grained sand-
stone and claystone. Claystone is 
the predominant lithology. Sparsely 
fossiliferous. 
INTERBEDS, as above, capped by a 
a thin lignitic layer. 
PEAT, with associated minor clay 
and lignitic laminae. 
SANDSTONE, very fine grained, 
unconsolidated, weakly laminated-mas-
sive. 
Thickness 
in feet 
12.5 
22.5 
22.3 
3.3 
4.2 
1.8 
12.5 
4.8 
1. 7 
7.0 
Cumulative 
thickness 
107.4 
94.9 
72.4 
50.l 
46.8 
42.6 
40.8 
28.3 
23.5 
21.8 
Unit 
4 
3 
2 
1 
197 
CLAYSTONE, mottled, partly oxidized, 
moderately indurated. Capped by a 
thin lignitic layer. 
SANDSTONE, fine grained, 
unconsolidated, massive, sparsely 
fossiliferous with some plant frag-
ments. Sample number BC 33AD-l. 
INTERBEDS, very fine-grained sand-
stone and claystone. Claystone 
predominant. 
LIMESTONE, micrite, finely laminated, 
unfossiliferous, highly fractured. 
Thickness 
in feet 
1.2 
6.5 
5.8 
1.3 
Cumulative 
thickness 
14.8 
13.6 
7.1 
1.3 
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Measured Section 3 
Section measured in Bullion Creek Formation, SW 1/4, NW 1/4, NE 1/4 
sec.2, T. 145 N., R. 102 W. Measured August 22, 1982, by B.P. Wallick. 
Total thickness of section, 41.0 feet. 
Unit 
7 
6 
5 
4 
3 
2 
1 
INTERBEDS, siltstone and claystone, 
with siltstone predominant in lower, 
claystone predominant in upper part. 
Sparsely fossiliferous with vertical 
burrows in places (Skolithos?). 
Capped by a thin layer of peat. 
LIMESTONE, micrite, finely laminated, 
found within above horizon. Vnfos-
siliferous. 
CLAYSTONE, gray, well indurated, 
massive, conchoidal fracture. 
SANDSTONE, fine grained, 
unconsolidated, massive. Some 
concentric nodules locally, sparsely 
fossiliferous. Some minor clay 
interbeds. Capped by thin lignitic 
layer. Sample number BC 2ABC-2. 
CLAYSTONE, gray, poorly indurated, 
massive, sparsely fossiliferous. 
SANDSTONE, fine grained, poorly 
cemented with some well cemented 
zones. Sparsely fossiliferous. 
Climbing-ripple cross-lamination with 
directions N 29 W, N 20 E, N 10 W, 
and N 3 W. Capped by thin lignitic 
layer. Sample number BC 2ABC-l. 
INTERBEDS, siltstone and claystone, 
sparsely fossiliferous. Some fine 
lamination noted in siltstone. Clay-
stone is shaly. 
CLAYSTONE, gray, well indurated, 
massive, becoming more rich in 
organic material and more shaly, 
upward. 
Thickness 
in feet 
7. 7. 
5.5 
6.8 
3.3 
4.0 
7 .0 
6.7 
Cumulative 
thickness 
41.0 
33.3 
27.8 
21.0 
17.7 
13.7 
6. 7 
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Measured Section 4 
Section measured in Bullion Creek and Sentinel Butte Formations, NE 
1/4, NE 1/4, NW 1/4 of section 3, T. 145 N., R. 102 W. Measured Septem-
ber 21, 1982, by B.P. Wallick. Total thickness of section, 209.0 feet. 
Unit 
28 
27 
26 
25 
SENTINEL BUTTE FORMATION 
SANDSTONE, fine grained, 
moderately indurated, poorly 
cemented, massive. Becomes loacny 1 
upward. Sample number SB 3BAA-7. 
COVERED 
CLAYSTONE, gray, well indurated 
Increasing organic content upward. 
Petrified wood zone with abundant 
recumbent silicified logs. 
SANDSTONE, fine grained, 
moderately indurated, poorly 
cemented. Low-angle cross-stratifi-
cation, minor £laser bedding at the 
base, climbing-ripple cross-lamina-
tion, directions from climbing 
ripples S 22 Wand S 5 W. Sample 
number SB 3BAA-6. 
BULLION CREEK FORMATION 
24 HT BUTTE LIGNITE 
23 CLAYSTONE, gray, well indurated, 
massive, conchoidal fracture. 
22 INTERllEDS,siltstone and claystone. 
no structure present, well indurated. 
21 CLAYSTONE, gray, as above. 
Capped by thin lignitic layer. 
20 INTERBEDS, as above. 
19 INTERBEDS, siltstone and very fine 
grained sandstone, alternating, vary-
Thickness 
in feet 
7.2 
12.5 
6.7 
16. 7 
4.2 
6.0 
12.5 
1.5 
8.3 
16.7 
Cumulative 
thickness 
209.0 
201.8 
189.3 
182.6 
165.9 
161. 7 
155. 7 
143.2 
141. 7 
133.4 
Unit 
18 
17 
16 
15 
14 
13 
12 
11 
10 
8 
200 
ing thicknesses. Some sandstones 
well cemented. Climbing-ripple 
cross-lamination in well cemented 
layer with direction of S 29 E (?). 
Also thin (1.0 ft.) layer of biomi-
crite (sample number BC 3BAA-5a) 
occurs within. Sandstone sample 
number BC 3BAA-5. 
SANDSTONE, fine grained, 
unconsolidated and massive. 
CLAYSTONE, gray, well indurated 
with conchoidal fracture. Weathered 
surface has "popcorn" appearance. 
Locally extensive and traceable. 
Capped by thin (0.5 in.) red oxide 
layer. 
SANDSTONE, fine grained, 
unconsolidated, massive. Upper part 
somewhat shaly. 
CLAYSTONE, gray, as above. 
Locally extensive, continuous. 
SANDSTONE, fine grained, 
unconsolidatedi massive. 
INTERBEDS, very fine-grained sand-
stone and claystone. Sandstone 
predominant. Lower 9 feet is 
sparsely fossiliferous. 
SHALE, red orange, well 
cemented. "Baked" zone. 
SANDSTONE, very fine grained, 
unconsolidated) massive. 
SANDSTONE, very fine grained, 
as above but with minor claystone and 
lignite partings. Capped by lignitic 
layer. 
INTERBEDS, siltstone and claystone. 
Much soda on surface. 
LIMESTONE, micrite. Shaley. 
Upper surface shows desiccation 
cracks. Unfossiliferous. 
Thickness 
in feet 
10.1 
6.8 
2.8 
2.5 
3.2 
16.7 
8.0 
14.7 
5.8 
1.3 
Cumulative 
thickness 
116. 7 
106.6 
99.8 
97.0 
94.5 
91.3 
74.6 
73.9 
65.9 
51.2 
45.4 
Unit 
7 
6 
5 
4 
2 
l 
201 
SANDSTONE, fine grained, generally 
poorly cemented with some well 
cemented zones. Plane lamination 
(lower) and climbing-ripple cross-la-
mination (upper) with directions N 18 
E and N 47 E. Skolithos (?). Sample 
number BC 3BAA-4. 
LIMESTONE, micrite, finely laminated. 
Upper part is shaly and mudcracked. 
Unfossiliferous. Highly fractured. 
Sample number BC 3BAA-2,3. 
COVERED 
CLAYSTONE, gray, well indurated, 
laminated, increasing organic content 
upward. Fossiliferous (upper). 
SANDSTONE, very fine grained, 
unconsolidated, massive. 
INTERBEDS, siltstone and claystone. 
Rare marcasite nodules. 
SANDSTONE, fine grained, well 
cemented (lower) to poorly cemented 
with few siltstone interbeds (upper). 
Oscillation ripple-lamination. Skol-
ithos (?). Sample number BC 3BAA-l. 
Thickness 
in feet 
13.2 
4.2 
1. 3 
1.5 
11.0 
7.2 
5.7 
Cumulative 
thickness 
44.1 
30.9 
26.7 
25.4 
23. 9 
12.9 
5.7 
202 
Measured Section S 
Section measured in Bullion Creek Formation, NE 1/4, SE 1/4, SW 1/4 
sec.3, T. 145 N., R. 102 W. Measured September 21, 1982, by B.P. 
Wallick. Total thickness of section, 141.0 feet. 
Unit 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
!IT BUTTE CLINKER 
----
CLAYSTONE, gray, well indurated, 
massive, conchoidal fracture. 
INTERBEDS, siltstone and claystone, 
structureless. 
SANDSTCNE, fine grained, poorly 
cemented (lower) to very well 
cemented (upper), well indurated. 
Lower two thirds massive, upper third 
composed of climbing•ripple cross·la• 
mination with direction N 34 W. 
Skolithos (?). Sample number BC 
3CDA·3. 
LIMESTONE, biomicrite. 
SANDSTCNE, fine grained, poorly 
cemented (lower) to very well 
cemented (upper). Plane lamination. 
Sample number BC 3CDA·2. 
COVERED, clay(?) 
SANDSTONE, very fine grained, 
unconsolidated. Severe slope wash. 
COVERED 
SANDSTONE, fine grained, 
unconsolidated, massive. 
LIMESTONE, micrite. Massive 
at base becoming shaly upward. Upper 
surface displays desiccation cracks. 
CLAYSTONE, gray, well indurated 
with conchoidal fracture, massive. 
Thickness 
in feet 
6.7 
12.S 
12.3 
0.7 
4.2 
22.9 
31.0 
4.2 
7.3 
4.2 
4.2 
Cumulative 
thickness 
141.0 
134.3 
121.8 
109.5 
108.8 
104.6 
81. 7 
50. 7 
46.5 
39.2 
35.0 
203 
Unit Thickness Cumulative 
in feet thickness 
3 INTERBEDS, siltstone and claystone, 5.8 30.8 
no distinct features. 
2 SANDSTONE, medium grained, poorly 20.8 25.0 
cemented (lower) to very well 
cemented (upper). Oscillation-ripple 
cross-lamination and climbing-ripple 
lamination with direction N 10 W. 
Sample number BC 3CDA•l. 
1 COVERED. 4.2 4.2 
204 
Measured Section 6 
Section measured in Bullion Creek Formation, SE 1/4, NW 1/4, SW 1/4 
sec.35, T. 146 N., R. 102 W. Measured September 22, 1982, by B.P. 
Wallick. Total thickness of section, 78.2 feet. 
Unit 
10 
9 
8 
7 
6 
4 
3 
SAt.1lSTONE, medium grained, poorly 
cemented with some well cemented 
horizons. Large and small scale 
trough cross-stratification. 
Mudstone·claystone lag gravels depos· 
its occur throughout but are concen· 
trated in the lower part of the bed. 
Climbing-ripple cross-lamination with 
direction S 9 W. Paleochannel. 
Sample number BC 35CBD-4. 
CLAYSTONE, gray, well indurated, 
massive, conchoidal fracture. 
Sparsely fossiliferous. Gradational 
from lignite. 
LIGNITE. 
CLAYSTONE, gray, as above. 
SANDSTONE, fine grained, poorly 
.cemented, moderately indurated, 
massive. Grades upward to claystone. 
Sample number BC 35CBD-3. 
CLAYSTONE, gray, as above. 
Upper contact sharp. 
CLAYSTONE, well indurated, finely 
laminated, lower contact sharp. 
Sparsely fossiliferous. Sample 
number BC 35CBD·l. Also stringers of 
very fine-grained sandstone and a 
micrite layer within. Micrite sample 
number BC 3SCB0·2. 
CLAYSTONE,. gray, well indurated 
with conchoidal fracture. Abundant 
fossils. Capped by thin layer of 
peat. 
Thickness 
in feet 
78.2 
0. 7 
0.3 
0.2 
3.2 
2.7 
4. 7 
2.8 
Cumulative 
·thickness 
78.2 
19.9 
19. 2 
18.9 
18.7 
15.5 
12.8 
8.1 
Unit 
2 
1 
205 
LIGNITE. 
CLAYSTONE, gray, well indurated, 
massive, plant fragments (rare). 
Thickness 
in feet 
0.3 
5.0 
Cumulative 
thickness 
5.3 
5.0 
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Measured Section 7 
Section measured in Bullion Creek Formation, NE 1/4, SE 1/4, SW 1/4 
sec.2, T. 145 N., R. 102 W. Measured September 22, 1982, by B.P. 
Wallick. Total thickness of section, 108.3 feet. 
Unit 
24 
23 
22 
21 
20 
19 
18 
17 
!IT BUTI'E SCORIA 
CLAYSTONE, gray, well indurated, 
massive, conchoidal fracture. Weath· 
ered surface has "popcorn" appear-
ance. Distinct layer. 
SANDSTONE, fine grained, 
unconsolidated, massive. Sample 
number BC 2CDA•5. 
CLAYSTONE, as above. 
SANDSTONE, fine grained, poorly 
cemented with some well cemented 
zones. "Log" concretion at the top. 
Some minor claystone interbeds. 
Sample number BC 2CDA-4. 
INTERBEDS, very fine-grained sand-
stone and claystone. Sandstone 
predominant, no structure evident. 
SANDSTONE, very fine grained, 
poorly cemented (lower) to well 
cemented (upper). Convolute(?) 
laminae and ripple cross-lamination 
with direction N 55 E. Thin (0.4 
ft.) micrite lenses occur within. 
Sandstone sample number BC 2CDA-3. 
CLAYSTONE, gray, well indurated, 
massive, conchoidal fracture. 
Fossiliferous (base) becoming scarce 
upward. 
INTERBEDS, very fine-grained sand-
stone and claystone. Claystone 
predominant, sandstone poorly .indu-
rated. Capped by an organic-rich 
claystone and a minor lignitic layer. 
Thickness 
in feet 
108.3 
1. 3 
1. 8 
12.5 
4.2 
8.2 
4.8 
7 .0 
Cumulative 
thickness 
108.3 
98.3 
97.0 
95.2 
82.7 
78.5 
41.0 
65.5 
Unit 
16 
15 
14 
13 
12 
11 
207 
CLAYSTONE, gray, well indurated 
with conchoidal fracture. Weathered 
surface has ttpopcorn" appearance. 
Much soda on surface. Locally exten-
sive layer, distinct. 
SANDSTONE, fine grained, 
unconsolidated, massive. 
CLAYSTONE, gray, as above. 
Distinct horizon. 
SANDSTONE, very fine grained, 
unconsolidated, massive(?). 
LIGNITE 
CLAYSTONE, gray, moderately-well 
indurated. Massive at base becoming 
shaly upward. Capped by thin ligni-
tic layer. 
10 CLAYSTCNE, as above 
9 CLAYSTCNE, as above 
8 CLAYSTCNE, as above 
7 SANDSTONE, very fine grained, 
unconsolidated, massive(?). 
6 INTERBEDS, very fine-grained sand-
stone and claystone. No features. 
5 PEAT. 
4 CLAYSTONE, gray, as above. 
3 SANDSTCNE, fine grained, 
unconsolidated, massive. Sample 
number BC 2CDA·2. 
2 IN'I'ERBEDS, very fine-grained sand• 
stone and claystone with claystone 
predominant. Sandstones discontinu· 
ous and generally poorly cemented 
with some well cemented zones. 
Convolute(?) bedding, desiccation 
cracks, bioturbation (?). Sample 
number BC 2CDA·l. 
Thickness 
in feet 
s.s 
3.7 
4.2 
0.8 
0.3 
3.0 
3.0 
3.8 
2.7 
3.7 
1.3 
0.1 
0.8 
6.8 
13.8 
Cumulative 
thickness 
58.S 
53.0 
49.3 
45 .1 
44.3 
44.0 
70.3 
38.0 
34.2 
31.5 
27.8 
26.5 
26.4 
25.6 
18.8 
Unit 
1 
208 
CLAYSTONE, gray, as above but 
with "popcorn" weathering surface. 
Thickness 
in feet 
5.0 
Cumulative 
thickness 
5.0 
209 
Measured Section 8 
Section measured in Bullion Creek Formation, NE 1/4, NW 1/4, NW 1/4 
sec.2, T. 145 N.,' R. 102 w. Measured September 22, 1982, by B.P. 
Wallick. Total thickness of section, 79.4 feet. 
Unit 
8 
7 
6 
5 
4 
3 
2 
1 
INTERBEDS (?), siltstone and clay-
stone. 
No features, severe slopewash. 
SANDSTONE, very fine grained, 
unconsolidated, massive(?). 
SANDSTONE, fine grained, as above 
but with a few minor claystone 
interbeds. 
LIMESTONE, micrite. Highly 
fractured, unfossiliferous. 
CLAYSTONE, gray, well indurated 
with conchoidal fracture. Massive. 
SANDSTONE, very fine grained, 
unconsolidated, massive(?). 
COVERED. 
CLAYSTONE, as above. 
Thickness 
in feet 
79.4 
20.8 
23.0 
2.2 
4.2 
8.2 
7.2 
1.3 
Cumulative 
thickness 
79.4 
66.9 
46.1 
23.1 
20.9 
16. 7 
8.5 
1.3 
210 
Measured Section 9 
Section measured in Bullion Creek Formation, NE 1/4, NW 1/4, NW 1/4 
sec.34, T. 146 N., R. 102 W. Measured September 23, 1982, by B.P. 
Wallick. Total thickness of section, 65.4 feet. 
Unit 
8 
7 
6 
5 
4 
3 
2 
1 
CLAYSTONE, gray, well indurated with 
conchoidal fracture. Massive. Plant 
fragments, fossil material common. 
Increasing organic content upward, 
sandstone downward. Capped by thin 
lignitic layer. 
LIMESTONE, micrite, unfossiliferous 
highly fractured. 
CLAYSTONE, gray, well· indurated with 
conchoidal fracture, massive. Abun-
dant plant fragments. 
SANDSTONE, very fine grained, poorly 
cemented with some well cemented 
zones. Well indurated. Convolute 
(?) structures. 
LIGNITE 
CLAYSTONE, gray, well indurated, 
shaly. Organic, sparsely fossilifer-
ous~ 
SANDSTONE, medium grained, 
unconsolidated. Some large and small 
scale trough cross-stratification but 
no directional data available. 
Paleochannel (?). 
SANDSTONE, medium grained, .as above. 
Thickness 
in feet 
4.2 
1.0 
4.2 
8.3 
1.5 
1.2 
11. 7 
33.3 
Cumulative 
thickness 
65.4 
61.2 
60.2 
56.0 
47.7 
46.2 
45.0 
33.3 
211 
Measured Section 10 
Section measured in Bullion Creek Formation, SE 1/4, SE 1/4, NW 1/4 
sec.34, T. 146 N., R. 102 W. Measured May 28, 1983, by B.P. Wallick·. 
Total thickness of section, 75.5 feet. 
Unit 
19 
18 
17 
16 
15 
14 
13 
12 
11 
LIGNITE 
COVERED 
SANDSTONE, fine grained, poorly 
cemented with some well cemented 
zones. Oscillation-ripple cross-la-
mination (?). Skolithos (?). 
INTERBEDS, very fine-grained sand-
and siltstone, poorly cemented but 
well indurated with some well 
cemented layers. Abundant leaf 
impressions on- surfaces of siltstone 
layers. 
SANDSTONE, very fine grained, well 
indurated, well cemented. Oscilla-
tion-ripple cross-lamination. 
INTERBEDS, siltstone and claystone. 
Poorly cemented but well indurated. 
Abundant leaf impressions. 
CLAYSTONE, gray, well indurated with 
conchoidal fracture. Weakly laminat-
ed-massive. Capped by thin lignitic 
layer. 
CLAYSTONE, gray, poorly indurated 
(upper) to well indurated (lower). 
Base somewhat sandy. Moderately 
fossiliferous with gastropods and 
scattered fishscales. Capped by thin 
lignitic layer. 
CLAYSTONE, gray, well indurated, 
very finely laminated. 
Thickness 
in feet 
0.3 
20.0 
2.3 
5.2 
2.0 
5.3 
1.5 
3.4 
4.0 
Cumulative 
thickness 
75.5 
75.2 
55.2 
52.9 
47.7 
45. 7 
40.4 
38.9 
35.5 
Unit 
10 
9 
8 
7 
6 
5 
4 
3 
1 
212 
LIMESTONE, micrite. Finely 
laminated, unfossiliferous. 
SANDSTONE, very fine grained, weakly 
cemented, moderately indurated, 
massive. 
SANDSTONE, fine grained, well 
indurated, gradational with upper and 
lower layers; transitional. Clay-
stone matrix with sandstone lenses to 
sandstone matrix with claystone 
lenses; flaser bedding(?). Some 
bioturbation. 
CLAYSTONE, red-brown, well 
indurated, massive. 
PEAT, with interlaminated clay. 
CLAYSTONE, gray, well indurated, 
conchoidal fracture, massive. Abun-
dant plant fragments and gastropods. 
CLAYSTONE, as above. 
COVERED, thin peat layer at 
the top. 
SANDSTONE, medium grained, 
moderately cemented, moderately indu-
rated, finely laminated. Skolithos 
(?). 
INTERBEDS, siltstone and claystone. 
No features. 
Thickness 
in feet 
2.8 
2. 7 
1.0 
2.3 
0.3 
2.3 
2.0 
1.0 
10. 3 
6.8 
Cumulative 
thickness 
31.5 
28.7 
26.0 
25.0 
22.7 
22.4 
20.1 
18 .1 
17 .1 
6.8 
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Measured Section 11 
Section measured in Bullion Creek Formation, NE 1/4, SW 1/4, SW 
1/4, SW 1/4, NE 1/4 of section 34, T. 146 N., R. 102 W. Measured May 
28, 1983, by B.P. Wallick. Total thickness of section, 66.7 feet. 
Unit 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
INTERBEDS, siltstone and claystone. 
No features. 
SANDSTONE, very fine grained, well 
cemented, well indurated. Oscilla-
tion-ripple cross-lamination. 
INTERBEDS, siltstone and claystone. 
Some interlaminated lignitic layers. 
SA.'<DSTONE, very fine grained, 
siltstone(?), poorly cemented, 
poorly indurated, finely laminated. 
INTERBEDS, siltstone and claystone. 
No 
features. 
CLAYSTONE, gray, well indurated, 
conchoidal fracture, plant debris. 
Capped by thin lignitic layer. 
CLAYSTONE, gray, poorly indurated 
(upper) to well indurated (lower). 
Gastropods and rare fishscales. 
Capped by thin lignitic layer. 
LIMESTONE, micrite, highly 
fractured, unfossiliferous. 
SANDSTONE, very fine grained, 
unconsolidated, massive. 
SANDSTONE, fine grained, moderately 
indurated. Gradational from lower 
and upper layers. Sandstone lenses 
in claystone, claystone lenses in 
sandstone. Flaser (?) bedding. 
Bioturbation. 
PEAT, with claystone interbeds. 
Thickness 
in feet 
6.3 
3.3 
6.7 
1.0 
3.3 
1.0 
5.8 
3.7 
3.3 
l. 9 
0.6 
· Cumulative 
thickness 
66.7 
60.4 
57.1 
50.4 
49.4 
46.l 
45.1 
39. 3 
35.6 
32.3 
30.4 
Unit 
6 
5 
4 
3 
2 
1 
214 
CLAYSTONE, gray, moderately indurated 
indistinct. 
CLAYSTONE, gray, well indurated, 
weakly laminated. Moderately fossil-
iferous. 
CLAYSTONE, gray, well indurated, 
conchoidal fracture, massive. Abun-
dant plant fragments. Capped by thin 
lignitic layer (peaty). 
SANDSTONE, fine grained, poorly 
cemented, poorly indurated, massive. 
SANDSTONE, fine grained, poorly 
cemented with some very well cemented 
zones, moderately indurated. Low-an-
gle bidirectional cross-stratifica-
tion with directions S 75 E and N 75 
w. 
INTERBEDS, siltstone and claystone. 
Claystone layers well indurated. 
Thickness 
in feet 
8.3 
3.3 
1. 7 
8.7 
2.0 
5.8 
Cumulative 
thickness 
29.8 
21.5 
18.2 
16.5 
7.8 
5.8 
215 
Measured Section 12 
Section measured in Bullion Creek Formation, NW 1/4, SE 1/4, SV 
1/4, SW 1/4, NE 1/4 of section 34, T. 146 N., R. 102 W. Measured May 
29, 1983, by B.P. Wallick. Total thickness of section, 95.9 feet. 
Unit 
30 LIGNITE 
29 CLAYSTONE, gray, well indurated with 
conchoidal fracture. Massive. 
28 CLAYSTONE, gray, interbedded with 
thin peat stringers. 
27 SANDSTONE, fine grained, 
unconsolidated, massive, indistinct. 
26 LIGNITE 
25 GLAYSTONE, gray, well indurated, 
finely laminated. Sparsely fossili-
ferous. 
24 INT&RBEDS, siltstone and claystone. 
Glaystone predominant. 
23 GLAYSTONE, gray, well indurated with 
conchoidal fracture, massive. 
22 LIGNITE 
21 CLAYSTONE, gray, well indurated with 
conchoidal fracture, massive. 
20 SANDSTONE, very fine grained, 
unconsolidated, massive. 
19 GLAYSTONE, gray, well indurated. 
Minor sand and silt lenses within. 
18 SANDSTONE, fine grained, well 
cemented, well indurated. Climbing-
ripple cross-lamination, trough 
cross-stratification(?). Directions 
S 67 W, S 30 w. Sample number BG 
34ACC-7. 
Thickness Cumulative 
in feet thickness 
0.3 95.9 
5.0 95.6 
4.2 90.6 
2.8 86.4 
0.3 83.6 
1.0 83.3 
6.7 82.3 
2.3 75.6 
0.3 73.3 
1. 7 73.0 
7 .5 71. 3 
10.4 63.8 
5.5 53.4 
Unit 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
216 
INTERBEDS, siltstone and claystone. 
No features. 
LIGNITE, with minor clay stringers. 
SANDSTONE, fine grained, poorly 
indurated, poorly cemented. Some 
well cemented zones showing oscilla-
tion-ripple cross-lamination. Sample 
number BC 34ACC-6. 
INTERBEDS, siltstone and claystone, 
no features. 
CLAYSTONE, gray, well indurated with 
conchoidal fracture. Massive. 
SANDSTONE, very fine grained, well 
cemented, well indurated. Skolithos 
(?), oscillation-ripple cross-lamina-
tion, convolute. Sample numbers BC 
34ACC-4,5. 
CLAYSTONE, gray, well indurated with 
conchoidal fracture. Massive. 
SANDSTONE, very fine grained, poorly 
cemented, poorly indurated. Oscilla-
tion-ripple cross-lamination(?). 
Sample number BC 34ACC-3. 
CLAYSTONE, gray, as above. 
Capped by a thin lignitic layer. 
LIMESTONE, micrite. Finely 
laminated. Some plant (?) molds. 
Highly fractured. 
SANDSTONE, very 
unconsolidated. 
34ACC-2. 
fine grained, 
Sample number BC 
CLAYSTONE, red-brown, nonindurated, 
"sticky". Flame structures, sand and 
clay flasers. 
CLAYSTONE, 
moderately 
laminated. 
layer. 
gray, well indurated, 
fossiliferous, weakly 
Capped by thin lignitic 
Thickness 
in feet 
2.7 
0.3 
0.7 
3.8 
3.7 
2.2 
1. 0 
3.2 
3.7 
2.0 
3.5 
1.8 
4.2 
Cumulative 
thickness 
47.9 
45.2 
44.9 
44.2 
40.4 
36.7 
34.5 
33.5 
30.3 
26.6 
24.6 
21.1 
19.3 
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Unit Thickness Cumulative 
in feet thickness 
4 CLAYSTONE, gray, shaly. Plant LO 15.1 
fragments. Capped by thin lignitic 
layer. 
3 CLAYSTONE, as above. 1.0 11+. l 
2 SANDSTONE, fine grained, 8.3 13. 1 
unconsolidated, weakly defined 
cross-stratification. Plant debris. 
Sample number BC 3/+ACC-l. 
1 INTERBEDS, siltstone and claystone. I+. B I+. 8 
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Measured Section 13 
Section measured in Bullion Creek Formation, SE 1/4, NE 1/4, SW 
1/4, SW 1/4, NE 1/4 of section 34, T. 146 N., R. 102 W. Measured May 
29, 1983, by B.P. Wallick. Total thickness of section, 96.4 feet. 
i 
' Unit Thickness Cumulative 
24 LIGNITE 
23 CLAYSTONE, brown, nonindurated, 
massive, "sticky0 • 
22 SANDSTONE, very fine grained, 
unconsolidated, massive. 
21 COVERED 
20 SANDSTONE, fine grairted, well 
indurated, well cemented. Convolute 
(7) bedding, planar lamination, clim-
bing-ripple cross-lamination, weakly 
defined trough cross-strata. Direc-
tions S 60 E, S SOE. 
19 
18 
17 
16 
14 
13 
12 
11 
CLAYSTONE, gray, well indurated with 
conchoidal fracture. Massive. 
INTERBEDS, siltstone and claystone. 
Capped by a thin layer of peat. 
CLAYSTONE, gray, well indurated, 
massive. Highly fossiliferous. 
Capped by thin lignitic layer. 
LIMESTONE, micrite. Highly 
fractured, finely laminated. 
CLAYSTONE, gray, well indurated with 
conchoidal fracture. Massive. 
SANDSTONE, fine grained, 
unconsolidated, massive. 
CLAYSTONE, red-brown, well indurated, 
massive, bighly fossiliferous. 
PEAT, minor clay. 
in feet thickness 
0.2 88.4 
1.3 88.2 
4.2 86.9 
14.6 82.7 
6.3 68.1 
6.3 61.8 
2.8 55.5 
1. 7 52.7 
1. 7 51.0 
3.0 49.3 
2.8 46.3 
1.2 43.5 
0.8 42.3 
Unit 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
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CLAYSTONE, gray, well indurated, 
finely laminated. 
CLAYSTONE, brown, well indurated, 
finely laminated. Capped by thin (1 
inch) lignitic layer. 
CLAYSTONE, gray, well indurated with 
conchoidal fracture. Highly fossili-
ferous. 
CLAYSTONE, as above. Capped by 
thin lignitic layer. 
SANDSTONE, medium to fine grained, 
well indurated and poorly cemented 
with some well cemented zones. Low-
angle, small-scale cross-strata, 
ripple cross-lamination. Current 
reversal with directions S 55 W, S 66 
W, and N 90 IL 
INTERBEDS, siltstone and claystone. 
CLAYSTONE, gray, well indurated, 
finely laminated. Capped by thin 
lignitic layer. 
SANDSTONE, fine grained, 
unconsolidated, massive. 
CLAYSTONE, gray, moderately in· 
durated, shaly. 
CLAYSTONE, brown, 
finely laminated. 
lignitic layer. 
well indurated, 
Capped by thin 
Thickness 
in feet 
1. 7 
1.0 
10.7 
2.0 
10.8 
6.7 
2.2 
1.0 
3.3 
2.1 
Cumulative 
thickness 
41.5 
39.8 
38.8 
28 .1 
26.1 
15.3 
8.6 
6.4 
5.4 
2.1 
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Measured Section 14 
Section measured in Bullion Creek Formation, SE 1/4, SW 1/4, NE 1/4 
sec.34, T. 146 N., R. 102 W. Measured May 29, 1983, by B.P. Wallick. 
Total thickness of section, 84.1 feet. 
Unit 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
Thickness 
in feet 
SANDSTONE, medium to fine grained, 20.8 
well indurated, well cemented. Very 
low angle cross•strata, convolute(?) 
bedding, oscillation-ripple cross•la· 
mination. 
COVERED 
SANDSTONE, fine grained, 
unconsolidated with some well 
cemented zones. Climbing-ripple 
cross-lamination with direction N 58 
w. 
LIGNITE, peat. 
CLAYSTONE, gray, well indurated 
and massive. Upper half is sparsely 
fossiliferous. 
CLAYSTONE, gray, well indurated, 
finely laminated. 
LIMESTONE, micrite, finely 
laminated, highly fractured. A few 
plant(?) molds. 
CLAYSTONE, gray, well indurated, 
massive, conchoidal fracture. 
SANDSTONE, very fine grained, 
unconsolidated, massive. 
CLAYSTONE, brown, well indurated, 
finely laminated. 
CLAYSTONE, gray, well indurated, 
massive, conchoidal fracture. Capped 
by thin lignitic layer. 
CLAYSTONE, as above. 
4.2 
4.2 
0.9 
2.7 
4.2 
3.0 
2. 7 
0.7 
1.5 
1. 3 
3.0 
Cumulative 
thickness 
84.1 
63.3 
59.l 
54.9 
54.0 
51. 3 
47.1 
44.l 
41.4 
40.7 
39.2 
37.9 
it 
8 
7 
6 
5 
4 
3 
2 
1 
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LIGNI'I'E, peat. 
CLAYSTONE, gray, changing to brown 
upward. Massive (lower) to shaly 
(upper). Well indurated. 
CLAYSTONE, gray, well indurated, 
massive, conchoidal fracture. Capped 
by thin lignitic layer. 
SANDSTONE, fine grained, 
unconsolidated, massive. 
INTERBEDS, siltstone and claystone. 
CLAYSTONE, gray, well indurated, 
finely laminated, conchoidal frac-
ture. 
CLAYSTONE, gray•brown, as above. 
LIGNITE. 
Thickness 
in feet 
1.0 
7.3 
3.8 
6.0 
9.8 
2.7 
4.2 
0.1 
Cumulative 
thickness 
34.9 
33.9 
26.6 
22.8 
16.8 
7. 0 
4.3 
0.1 
r 
;I· 
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Measured Section 15 
Section measured in Bullion Creek Formation, SW 1/4, SE 1/4, NE 1/4 
sec.34, T. 146 N., R. 102 W. Measured May 29, 1983, by B.P. Wallick. 
Total thickness of section, 100.1 feet. 
Unit 
11 
10 
9 
8 
SANDSTONE, medium grained, 
moderately to well indurated, weakly 
cemented with some well cemented 
zones. Weakly defined trough cross• 
strata, climbing·ripple cross-lamina-
tion, directions S 72 E, S 49 E, S 46 
E, and S 20 E. Paleochannel. 
CLAYSTONE, gray, well indurated 
with conchoidal fracture. Massive. 
CLAYSTONE, greenish-gray, indistinct. 
CLAYSTONE, gray, well indurated, 
finely laminated, conchoidal frac-
ture. 
7 COVERED, minor peat layer at top 
6 SANDSTONE, fine grained, 
unconsolidated, massive(?). 
5 INTERBEDS, siltstone and claystone. 
4 SANDSTONE, fine grained, 
unconsolidated, massive. 
3 COVERED. 
2 CLAYSTONE, gray, well indurated, 
finely laminated. Capped by thin 
ligni tic layer. 
1 INTERBEDS, siltstone and claystone. 
Claystone predominant. 
Thickness 
in feet 
33.3 
4.2 
4.2 
6.8 
16.7 
8.3 
6.1 
5.2 
4.2 
2.2 
8.3 
Cumulative 
thickness 
100.1 
66.S 
62.6 
58.4 
51.6 
34.9 
26.6 
19.9 
14. 7 
10.5 
8.3 
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Measured Section 16 
Section measured in Sentinel Butte Formation, NE 1/4, NE 1/4, SE 
1/4 sec.32, T. 146 N., R. 102 W. Measured August 10, 1982, by B.P. 
Wallick. Total thickness of section, 61.3 feet. 
Unit Thickness 
in feet 
18 CLAYSTONE, gray, well indurated, 16.7 
17 INTERBEDS, very fine•grained sand· 3.5 
stone and siltstone with some clay· 
16 
15 
14 
13 
12 
11 
10 
9 
8 
stone. Abandoned channel (?) shows 
sandstone dominant laterally with 
low-angle bidirectional cross-strata. 
Well rounded bone fragment found 
within channel fill. 
COVERED. 
LIGNITE. 
COVERED. 
INTERBEDS, siltstone and claystone. 
SANDSTONE, fine grained, well 
indurated, poorly cemented, massive 
(7). S!1J11ple number SB 32DAA·S. 
CLAYSTONE, gray, well indurated, 
0 popcorn 1• weathering surface. 
Massive. 
SANDSTONE, fine grained, well 
indurated, poorly cemented. Lignitic 
stringers throughout. Weakly defined 
climbing-ripple cross-lamination with 
directions N 75 W, N 85 w. Concen· 
tric banded nodules. S!!Jllple number 
SB 32DAA-4. 
CLAYSTONE, gray, well indurated, 
0 breadcrust 0 weathering surface, 
silty. 
CLAYSTONE, red. "Baked zone". 
4.2 
2.7 
1.0 
6.0 
1.0 
0.5 
1.8 
1. 7 
0.3 
Cumulative 
thickness 
61.3 
44.6 
41.1 
36.9 
34.2 
33.2 
27.2 
26.2 
25.7 
23.9 
22.2 
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Unit Thickness Cumulative 
in feet thickness 
7 INTERBEDS, siltstone and claystone 8.3 21. 9 
with interbedded red claystone layers 
as above. Sample number SB 32DAA-3. 
6 CLAYSTONE, gray, well indurated, 1.0 13.6 
some plant fragments. Gravelly 
weathering surface. 
5 INTERBEDS, peat, claystone, lignite. 0.7 12.6 
Some plant material preserved. 
,. 4 SANDSTONE, fine grained, well 3.9 11.9 
C 
cemented, well indurated. Straight-
crested, climbing-ripple cross-lami-
nation and parallel inclined lamina-
tion with direction N 28 W. Abundant 
trace fossils. Sample number SB 
32DAA-2a,b. 
3 CLAYSTONE, gray, well indurated, 3.0 8.0 
finely laminated (?). Frequent 
carbonaceous partings and plant frag-
ments. 
2 CLAYSTONE, as above, capped by 3.0 5.0 
red clay "baked zone". 
1 SANDSTONE, fine grained, moderately 2.0 2.0 
indurated, but poorly cemented. 
Massive. Sample number SB 32DAA-l. 
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Measured Section 17 
Section measured in Sentinel Butte Formation, NW 1/4, NW 1/4, SW 
1/4 sec.33, T. 146 N., R. 102 W. Measured August 12, 1982, by B.P. 
Wallick. Total thickness of section, 52.5 feet. 
Unit 
8 LIGNITE. 
7 COVERED. 
6 SANDSTONE, fine grained, well 
indurated, well cemented, planar 
lamination. Sample number SB 
33CBB-2. 
5 
4 
3 
2 
1 
CLAYSTONE, gray, well indurated, 
massive to shaly (upper) with plant 
fragments (rare). "Popcorn" weather-
ing surface. 
INTERBEDS, siltstone and claystone. 
Claystone layer thickness increases 
upward with claystone capping layer. 
Thin lignite atop the claystone cap. 
LIGNITE. 
CLAYSTONE, gray, well indurated, 
massive, plant fragments (rare). 
INTERBEDS, siltstone and ferruginous 
claystone with some very fine-grained 
sandstone (sample SB 33CBB-l). Well 
indurated, poorly cemented. Epsilon 
cross strata with beds dipping 17-22 
deg. and striking N 27 W. Channel 
outline not observed. 
Thickness 
in feet 
2.2 
1. 7 
4.2 
2.0 
6.2 
2.3 
2.9 
31.0 
Cumulative 
thickness 
52.5 
50.3 
48.6 
44.4 
42.4 
36.2 
33.9 
31.0 
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Measured Section 18 
Section measured in Bullion Creek and Sentinel Butte Formations, SW 
1/4, SW 1/4, NE 1/4 sec.32, T. 146 N., R. 102 W. Measured August 13, 
1982, by B.P. Wallick. Total thickness of section, 62.4 feet. 
Unit 
21 
20 
19 
18 
SENTINEL Bt!ITE FORMATION 
LIGNITE 
INTERBEDS, siltstone and claystone. 
CLAYSTONE, gray, well indurated, 
"popcorn° weathering surface. Forms 
an apron atop the lower unit. 
SANDSTONE, fine grained, well 
indurated, some well cemented zones. 
Climbing-ripple cross-lamination 
(straight-crested} with directions N 
49 W, N 64 W. Also oscillation-rip-
ple cross-lamination. Sample number 
SB 32ACC·3 
17 INTERBEDS, siltstone and claystone. 
16 CLAYSTONE, gray, well indurated, 
shaly, finely laminated. 
15 INTERBEDS, siltstone and claystone. 
14 CLAYSTONE, as above. 
13 INTERBEDS, siltstone and claystone. 
12 LIGNITE, fossil wood zone at top. 
11 CLAYSTONE, gray, well indurated, 
"popcorn" weathering surface, grada-
tional with overlying lignite. 
10 INTERBEDS, very fine-grained sand· 
stone and siltstone. Abundant carbo· 
naceous partings. 
Thickness 
in feet 
2.S 
3.7 
3.3 
4.2 
4.2 
0.8 
4.3 
0.8 
3.0 
o.s 
4.7 
2.8 
Cumulative 
thickness 
62.4 
S9.9 
S6.2 
52.9 
48.7 
44.5 
43.7 
39.4 
38.6 
35.6 
35.1 
30.4 
Unit 
9 
8 
7 
6 
5 
4 
3 
2 
1 
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SANDSTONE, fine grained, well 
indurated, some well cemented zones. 
Climbing-ripple cross-lamination with 
direction N 25 E. Sample number SB 
32ACC-2. 
INTERJ!EDS, siltstone and claystone 
with some very fine-grained sand• 
stone. Plant fragments (rare}. 
Sample number SB 32ACC-l. 
LIGNITE. 
PEAT. 
CLAYSTONE, gray, well indurated, 
"popcorn" weathering surface, abun-
dant plant fragments. 
LIGNITE. 
CLAYSTONE, as above. 
INTERBEDS, siltstone and claystone. 
Scattered marcasite nodules. 
BULLION CREEK FORMATION 
!IT BUTTE LIGNITE. 
Thickness 
in feet 
2.8 
6.8 
3.5 
0.2 
3.1 
0.2 
4.2 
6.3 
0.5 
Cumulative 
thickness 
27 .6 
24.8 
18.0 
14.5 
14.3 
11.2 
11.0 
6.8 
0.5 
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Measured Section 19 
Section measured in Bullion Creek Sentinel Butte Formations, SW 
1/4, SE 1/4, SE 1/4 sec.33, T. 146 N., R. 102 W. Measured August 16, 
1982, by B.P. Wallick. Total thickness of section, 79.6 feet. 
Unit 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
SENTINEL BUTI'E FORMATION 
SANDSTONE, fine grained, poorly 
cemented, moderately indurated, 
laterally discontinuous. Low-angle 
bidirectional cross•strata, plane 
lamination, climbing•ripple cross-la· 
mination with directions S 25 E, N 75 
E, N 72 E. Sample number SB 33DOC·3. 
LIGNITE 
INTERBEDS, siltstone and claystone. 
CLAYSTONE, gray, well indurated, 
massive. 0 Popcorn" weathering 
surface. 
INTERBEDS, siltstone and claystone. 
CLAYSTONE, as above. 
LIGNITE 
CLAYSTONE, as above. 
INTERBEOS, siltstone and claystone. 
Individual beds become thinner, 
upward. Fossiliferous, abundant 
lignitic partings. 
CLAYSTONE, gray, well indurated, 
sparsely fossiliferous, plant frag· 
ments (rare). 
SANDSTONE, fine grained, poorly 
cemented with some well cemented 
zones, moderately indurated: 
Massive. Plant fragments (rare). 
Sample number SB 33DDC·2. 
Thickness 
in feet 
15.8 
2.3 
6.8 
2.0 
4.0 
3.7 
0.3 
2.5 
12.3 
2.2 
5.2 
Cumulative 
thickness 
79.6 
63.8 
61.5 
54. 7 
52.7 
48.7 
45.0 
44.7 
42.2 
29.9 
27.7 
, 
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Unit Thickness Cumulative 
in feet thickness 
3 CLAYSTONE, with minor peat and 5.0 22.5 
lignitic laminae. Plant fragments 
common. 
2 INTERllEDS, siltstone and claystone. 12.5 17.5 
Silt predominant. Very small scale 
flow structures of unknown affinity. 
Abundant oxidized leaf remains on 
partings. Abundant carbonaceous 
partings. Sample number SB 33DDC-l. 
BULLION CREEK FORMATION 
1 HT BUTTE LIGNITE 5.0 5.0 
4 
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Measured Section 20 
Section measured in Sentinel Butte Formation, NE 1/4, SW 1/4, SE 
1/4 sec.5, T. 145 N., R. 102 W. Measured August 23, 1982, by B.P. 
Wallick. Total thickness of section, 47.3 feet. 
Unit 
10 
9 
8 
7 
6 
5 
4 
3 
CLAYSTONE, gray, well indurated, 
massive. "Popcorn" weath.ering 
surface. 
INTERBEDS, siltstone and claystone. 
SANDSTONE, fine grained, well 
indurated, poorly cemented. Planar 
lamination (low-angle?), climbing-
ripple cross-lamination with direc-
tion S 68 E. Sample number SB 
SACA-5. Thin sandy limestone within 
(SB SACA-6). 
CLAYSTONE, gray, silty; well 
indurated, massive(?). Vertical 
burrows, plant fragments. Capped by 
thin lignitic layer. Sample number 
SB SACA-4. 
LIGNITE 
CLAYSTONE, gray, well indurated. 
Gradational with above lignite. 
SANDSTONE, medium grained, 
moderately indurated, well cemented 
(lower) to poorly cemented (upper). 
Low-angle planar-lamination, oscilla-
tion-ripple cross-lamination, 
discoids (?),bubble-sand(?). 
Sample number SB SACA-3. 
SANDSTONE, medium grained, well 
indurated, poorly cemented. Low-an-
gle cross-stratification with direc-
tions S 80 W, N 80 W. Organic lami-
nae within. Capped by thin layer of 
peat. Sample number SB SACA-2. 
Thickness 
in feet 
5.0 
9.9 
6.2 
5.3 
2.2 
2.3 
2.7 
4.2 
Cumulative 
thickness 
47 .3 
42.3 
32.4 
26.2 
20.9 
18.7 
16.4 
13. 7 
r 
Unit 
2 
l 
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INTERBEDS, siltstone and claystone, 
well indurated. 
SANDSTONE, fine grained, well 
indurated, massive. Capped by thin 
lignitie layer. Sample number SB 
SACA-1. 
Thickness 
in feet 
5.3 
4.2 
Cumulative 
thickness 
9.5 
4.2 
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Measured Section 21 
Section measured in Sentinel Butte Formation, NE 1/4, NE 1/4, SE 
1/4 sec.5, T. 145 N., R. 102 W. Measured September 23, 1982, by B.P. 
Wallick. Total thickness of section, 83.9 feet. 
Unit 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
INTERBEDS, siltstone and claystone. 
LIGNITE 
CLAYSTONE, gray, well indurated, 
massive. "Popcorn" weathering 
surface. 
SANDSTONE, fine grained, poorly 
cemented with some well cemented 
zones, well indurated. Trough 
cross-strata (?), soft-sediment 
deformation. Organic partings. 
Sample number SB 5DAA-5, 6. 
LIGNITE 
CLAYSTONE, gray, well indurated. 
Same minor sand and silt layers 
interbedded. 
SANDSTONE, very fine grained, 
moderately indurated, poorly 
cemented, massive. Sample number SB 
5DAA-4. 
CLAYSTONE, gray, well indurated, 
massive. "Popcorn" weathering 
surface. 
SANDSTONE, very fine grained, well 
indurated, poorly cemented wit.h same 
well cemented zones. Climbing-ripple 
cross-lamination with direction S 71 
E. Sandy limestone within (SB 
SDAA-3). Sample number SB 5DAA•2. 
LIGNITE 
Thickness 
in feet 
15.8 
0.4 
1.0 
15.0 
2. 7 
2.8 
0.8 
2.3 
3.2 
1. 7 
Cumulative 
thickness 
83.9 
68.l 
67.7 
66.7 
51. 7 
49.0 
46.2 
45.4 
43.l 
39 .9 4 
Unit 
4 
3 
2 
1 
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CLAYSTONE, gray, well indurated, 
massive. "Popcorn° weathering 
surface. 
INTERBEDS, siltstone and claystone. 
INTERBEDS, very fine-grained sand• 
stone and claystone. 
SANDSTONE, medium grained, well 
indurated, poorly cemented. Minor 
claystone layers. Large and small· 
scale trough cross•strata with direc• 
tion S 35 E. Sample number SB 
5DAA-1. 
HT BUTIE SCORIA 
Thickness 
in feet 
3.0 
10.0 
14. 7 
10 .5 
Cumulative 
thickness 
38.2 
35.2 
25.2 
10.5 
' 
4 
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Measured Section 22 
Section measured in Bullion Creek and Sentinel Butte Formations, NE 
1/4, NE 1/4, SW 1/4 sec.4, T. 145 N., R. 102 W. Measured September 23, 
1982, by B.P. Wallick. Total thickness of section, 64.3 feet. 
Unit 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
SENTINEL BUTrE FORMATION 
CLAYSTONE, gray, well indurated, 
massive, 0 apron-like0 • "Popcorn" 
weathering surface. 
INTERBEDS, siltstone and claystone. 
LIGNITE 
CLAYSTONE, gray, well indurated, 
massive. "Popcornn weathering 
surface. 
LIGNITE 
CLAYSTONE, as above. 
INTERBEDS, very fine-grained sand-
stone and siltstone. Structureless. 
SANDSTONE, very fine grained, well 
indurated, poorly cemented. Thin red 
iron-rich claystone layers within. 
Beds dipping at 20 deg., striking S 
27 W. Epsilon cross-strata(?). 
Sample number SB 4CAA·3. 
SANDSTONE, medium grained, poorly 
cemented with well cemented layer at 
the top, moderately indurated. 
Trough cross-strata (lower), clim· 
bing-ripple cross•lamination (upper) 
with directions S 10 W, S 36 W, S 26 
W. Sample numbers SB 4CAA·l,2. 
BULLION CREEK FORMATION 
IIT BUTTE LIGNITE 
Thickness 
in feet 
6.7 
6.3 
0.4 
2.2 
1.0 
1.3 
4.2 
15.5 
20.8 
5.8 
Cumulative 
thickness 
64.2 
57 .5 
51.2 
50.8 
48.6 
47 .6 
46.3 
42.1 
26.6 
5.8 
4 
• 
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Measured Section 23 
Section measured in Sentinel Butte Formation, NW 1/4, NW 1/4, SE 
1/ sec.32, T. 146 N., R. 102 W. Measured September 24, 1982, by B.P. 
Wa lick. Total thickness of section, 81.5 feet. 
Un t 
4 
3 
2 
l 
0 
9 
8 
7 
6 
5 
4 
3 
LIGNITE 
CLAYSTONE, gray, well indurated, 
finely laminated, grades upward to 
lignite. 
SANDSTONE, very fine grained, 
moderately indurated, poorly 
cemented, massive. 
CLAYSTONE, gray, well indurated, 
massive. Gravelly, "popcorn" weath-
ering surface. 
SANDSTONE, fine grained, moderately 
indurated, poorly cemented. Weakly 
defined low·angle cross·stratifica• 
tion. Sample number SB 32DBB-4. 
SANDSTONE, very fine grained, well 
indurated, poorly cemented, massive. 
SANDSTONE, fine grained, well 
indurated, well cemented. Low•angle 
cross-stratification with directions 
N 35 W, S 35 E (?). Sample number SB 
'.l2DBB·'.l. 
INTERBEDS, siltstone and claystone. 
SANDSTONE, very fine grained, 
moderately indurated, poorly 
cemented, massive. 
LIGNITE 
SANDSTONE, very fine grained, well 
indurated, poorly cemented, massive. 
INTERBEDS, siltstone and claystone. 
Thickness 
in feet 
1.8 
1.5 
0.7 
1.0 
4.5 
1.8 
3.7 
2. 7 
2.7 
0.3 
5.8 
6.7 
Cumulative 
thickness 
81.5 
79.7 
78.2 
77 .5 
76.5 
72.0 
70.2 
66.5 
63.8 
61.1 
60.8 
55.0 
' 
I 
4 
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Unit Thickness Cumulative 
in feet thickness 
12 SANDSTONE, fine grained, well 1. 7 48.3 
indurated, poorly cemented with some 
well cemented zones. Low-angle(?) 
parallel lamination. Sample number 
SB 32DBB-2. 
11 INTERBEDS, siltstone and claystone. 4. 7 46.6 
Sandy limestone layer within. 
10 INTERBEDS, siltstone and claystone. 3.4 41.9 
capped by thin lignitic layer. 
9 LIGNITE 2.1 38.5 
8 CLAYSTONE, gray, well indurated, 1.0 36.4 
massive. "Popcorn" weathering 
surface. 
7 SANDSTONE, very fine grained, 5.0 35.4 
moderately indurated, poorly cemented 
with some we 11 cemented zones. 
Massive. Sample number SB 32DBB-l. 
6 INTERBEDS, siltstone and claystone. 1.0 30.4 
5 CLAYSTONE, gray, well indurated, 2.3 29.4 
massive. "Popcorn" weathering 
surface. 
4 CLAYSTONE, as above but capped 2.0 27.1 
by a thin lignitic layer. 
3 INTERBEDS, siltstone and claystone. 20.8 25.1 
2 LIGNITE 1.5 4.3 
1 CLAYSTONE, gray, well indurated, 2.8 2.8 
laminated (shaly). Upper half is 
interbedded with peat. 
4 
' 
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Measured Section 24 
Section measured in Sentinel Butte Formation, SE 1/4, NW 1/4, NE 
1/4 sec.5, T. 145 N., R. 102 W. Measured September 25, 1982, by B.P. 
Wallick. Total thickness of section, 89.8 feet. 
Unit 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
CLAYSTONE, gray, well indurated, 
massive. Forms an apron over the 
lower lithology. Gravelly, "popcorn" 
weathering surface. 
INTERBEDS, very fine-grained sand-
stone and claystone. Sandstone is 
well cemented with climbing-ripple 
cross-lamination, direction S 72 E. 
LIGNITE 
CLAYSTONE, gray, well indurated, 
massive. 
SANDSTONE, very fine grained, poorly 
indurated, poorly cemented, massive 
(?). 
LIGNITE 
CLAYSTONE, as above. 
SANDSTONE, fine grained, well 
indurated, poorly cemented. Carbona· 
ceous laminae throughout. Quartz 
arenite cobbles on the surface (SB 
5ABD·5). Sample number SB 5ABD·4. 
INTERBEDS, siltstone and claystone. 
SANDSTONE, medium grained, well 
indurated, poorly cemented. Tabular 
cross-strata, climbing-ripple cross 
lamination with directions N 48 E, N 
56 E. Sample number SB 5ABD·3. 
SANDSTONE, fine grained, moderately 
indurated, moderately cemented, 
massive. Sample number SB 5ABD-2. 
Thickness 
in feet 
4.2 
6.5 
0.3 
1. 5 
5.0 
2.3 
2.7 
4.8 
6.5 
25.0 
4.2 
Cumulative 
thickness 
89. 8 
85.6 
79. 1 
78.8 
77 .3 
72.3 
70.0 
67.3 
62.5 
56.0 
31.0 
Unit 
8 
7 
6 
5 
4 
3 
2 
1 
238 
CLAYSTONE, gray, well indurated, 
massive(?). Capped by thin lignitic 
layer. 
INTERBEDS, siltstone and claystone. 
LIGNITE 
PEAT, shaly, clayey. 
CLAYSTONE, gray, well indurated, 
shaly, laminated. Gradational with 
above peat. 
SANDSTONE, very fine grained, 
unconsolidated, massive. 
CLAYSTONE, gray, well indurated, 
massive. 
SANDSTONE, fine grained, moderately 
indurated, poorly cemented with some 
well cemented zones. Minor claystone 
layers. Climbing-ripple cross-lami-
nation with direction N 79 E. Other-
wise massive. Sample number SB 
5ABD-l. 
Thickness 
in feet 
2.8 
8.3 
1.5 
1. 7 
2.2 
0.8 
1.2 
8.3 
Cumulative 
thickness 
26.8 
24.0 
15. 7 
14.2 
12.5 
10.3 
9.5 
8.3 
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